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For example, in the phosphorus and arsenic salts only 
those which had like composition and like number of equiv- 
alents of water were isomorphic. Berzelius used both of 
these as guides but showed a preference for the dictum of 
his former scholar. In his later table of atomic weights of 
1826, Berzelius corrected all but the alkali metals which 
he still considered united to oxygen in the proportion 
of 1 to 1. 

It will berecalled that Sir Humphry Davy and his school 
had pronounced chemical inseparable from electrical activity. 
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He had shown that when a compound was decomposed by 
the electric current and the separate constituents collected 
at the opposite poles (as for example sulphur and copper) 
these substances when rubbed or electrically excited showed 
opposite kinds of electricity; the substance at the negative 
pole showing positive, and that at the positive pole negative 
electricity. If the separate constituents (such again as 
sulphur and copper) were heated, the heat increased their 
electrical tension up to the point where they combined, and 
then all electrical activity ceased, the opposite kinds neu- 
tralizing each other. 

In conducting the current into the compound its con- 
stituents received again electric polarity and separated 
to the respective poles which attracted them. 

Berzelius first stated his electro-chemical theory in 1812. 
His fundamental conception was that the atoms of bodies 
are electric and therefore have at least two poles which 
generally are different in strength, and following this differ 
ence the elements which these atoms compose are electro 
positive or electro-negative. This predominance of one kind 
of electricity extended to compounds, although necessarily 
more feeble in these. Compounds, according to this view, 

re the results of the attraction of the unlike poles of the 
atoms; and if in the compound there is a preponderance of 
one kind of electricity, this is because the atoms having 
this kind were more strongly polar than those having the 
other. Oxygen as the most electro-negative of all bodies was 
his criterion of the characters of the elements with which it 
combined. If the compound containing the least oxygen 
was basic then the body combining with oxygen was elec- 
tro-positive. If the oxide were an acid then the element 
was electro-negative. 

On this plan he arranged a table of elements in the order 
of their polarity. Of course, it followed that any body in 
this table was electro-positive to all the elements on one 
side of it and electro-negative to all those on the other. 

His dualistic scheme followed as a matter of necessity, 
the two parts (whether two elements or acid and base) having 
opposite polarities. Thus: 
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Fe O BaO . S O, CQ, 
Ferrous oxide. Barium oxide Sulphuric acid. Carbonic acid 


or for salts. 


+ aver 
BaOS O, Fe 0. C O, 
Baryta Sulphate. Ferrous oxide Carbonate. 


and in double salts. 


+ 
KO. SO, Al, O,. SO, 


Potash Sulphate. Alumina Sulphate. 


Potasso aluminum Sulphate. 


Berzelius carried his dualism and his electro-chemical 
theory into organic chemistry. In 1843 he had discovered 
a simple relation between the elements composing the 
organic acid and the oxygen of the base, and had proved 
the combination in multiple proportions in organic chem- 
istry, and it was he who recommended the study of organic 
bodies in their combinations with inorganic. 

He supposed organic, like inorganic, bodies to be binary 
in constitution, but with compound radicles instead of 
simple elements. This was Lavoisier’s idea. Gay-Lussac 
had characterized alcohol as consisting of ethylene and 
water; sugar as carbon and water. Ddbereiner called 
oxalic acid acompound of carbonic acid and carbonic oxide. 
Berzelius opposed this conception as inconsistent with his 
electro-chemical theory. He could not acknowledge the 
existence of oxygen radicles. Yet the probability of such 
radicles was rendered strong by the discovery of organic 
bodies containing the same numbers of the same elements, 
yet exhibiting very different properties. This could only 
be explained by supposing that the proximate constituents 
were different. 

Wohler, Liebig and Berzelius, after much hesitation, 
accepted the fact above referred to and the latter designated 
the phenomenon as one of isomerism. Liebig and Wéhler 
had shown that a constituent of the oil of bitter almonds 
remained unchanged throughout a number of reactions, and 
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this compound, of which the composition was C,,H,,0., 
they called benzoyl. (It is now called dibenzoyl or benzil.) 

At first Berzelius was disposed to accept this as an 
organic compound radicle,* but reflecting that it must play 
the electro-positive ré/e, although containing oxygen, he 
finally rejected this hypothesis which he deemed inconsist- 
ent with his electro-chemical and dualistic theory; and he 
was led to the assumption of arbitrary radicles containing 
no oxygen, of which the formulas, when written together, 
completely obscured the intimate relationships which existed 
between classes of salts. This was Berzelius’ first fault, 
not so much due to his vanity, as to the feeling which 
was well founded that the scheme he had with such infinite 
pains established was right; that it was being destroyed on 
theoretical grounds which, although he could not then satis- 
factorily answer them, with the instinct of a great genius, he 
felt to be wrong. But his attempts to evade the conclusions 
only led him into self-contradictions which, when expose,d 
produced the same effect upon the chemical mind that the 
reported insolvency of a great banking house prodtices on 
the financial world. The failure of a Berzelius shut up the 
current coin of theorizing the world over. 

Berzelius believed that the radicles were unchangeable, 
Liebig and Dumas were not convinced of their entire 
unchangeability. The two sets of views separated more 
and more. Liebig finally defined a radicle as one which 
must be—(1) an unchangeable unit in a number of com- 
pounds. (2) It must be replaceable in these by simple 
bodies. (3) It must allow the simple bodies with which it 
is combined to be replaced by others, to form with it new 
compounds. This was the old radicle theory. 

In 1827, J. B. Dumas (1800-1884) commenced a series of 
researches on the vapor densities of many substances which 
are solid or liquid at ordinary temperatures, and showed 
that if Gay-Lussac’s law of the identity of atom-weight with 
gas-volume-weight be true, then some of Berzelius’ atom- 
weights were double and some were half what they should 
be. This cast doubt on tie truth of the law as well as on 

* Spelled also radicol—radicle is used by Watts. | 
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Berzelius’ work, but the latter held fast to his numbers 
(which were right), and simply confined his employment of 
the volume theory to permanent gases. The effect upon the 
minds of chemists, however, was disastrous; for even Gay- 
Lussac, Liebig and others, despaired of getting any informa- 
tion as to the atoms, and fell back on the equivalents which 
were shortly afterwards more precisely.defined by Faraday as 
the contemporaneous quantities of the various constituents of 
compounds which an electric current of given intensity 
would disengage. This he called the law of constant elec 
trolytic action. 

Under the unfortunate fear of having been misled, all 
attempts at theory were suspended. Gmelin in the colossal 
work which bears his name went back to the apparent 
weights of combination of Lavoisier’s time, and the soul was 
taken out of the science. But Dumas dealt Berzelius a 
heavier blow still in the field of organic chemistry in his 
substitution theory, which he called “metalepsie,” of which 
the two propositions were : 

(1) If a hydrogen compound is subjected to the action of 
chlorine, iodine or bromine, it takes for every atom of 
hydrogen lost an atom of one of these elements to replace it. 

(2) If the body contain water, it loses this without replace- 
ment. 

Auguste Laurent (1807-1853) went further and asserted 
that the congeries of atoms called radicles which had suf- 
fered this substitution of H by Cl, or the loss of water 
remained practically the same in properties. This was 
called the nucleal theory which was short-lived, but before 
it had quite disappeared from the field Dumas came forward 
with his discovery of chloracetic acid, and declared himself 
for Laurent. 

He maintained that the newly-formed body in such sub- 
stitutions must resemble the old and he classed such origi- 
nal and substituted products together as derivable from the 
same type. This is called the old-type theory to distin- 
guish it from the new-type theory subsequently set up by 
Laurent and Gerhard. Dumas showed that his trichloracetic 
acidin spite of the substitution of six atoms of chlorine for 
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six atoms of hydrogen was similarin its behavior and charac- 
teristics. He stated that “In organic chemistry there are cer- 
tain types which remain constant even when one substitutes 
an equal volume of Cl, I, and Br for their H.” Acetic and 
trichloracetic acid, aldehyde and chloral,marsh gas and chloro. 
form, belong to the same chemical type. He went so far 
as to assert that all: bodies derived from each other by 
equivalent substitutions belonged to the same ‘‘ mechanical 
type.” This was followed by the following declaration of 
war against Berzelius’ dualistic theory. ‘“ Every chemical 
compound forms a complete whole, and does not consist 
of two parts. Itschemical character depends principally 
upon the number and arrangement of its atoms, and second- 
arily upon their chemical nature.” 

Berzelius was obliged to account for the facts discovered 
and to conform his explanation to the new discovery of 
Melsens in 1842, that chloracetic acid was reduced to acetic 
acid by potassium amalgam. He finally decided to do this 
by supposing that 


C, (H,),+C,0,,H,O = Acetic acid. 
C, (Cl,),+C,0,° H,O = Chloracetie acid. 


In other words that acetic acid consisted of a radicle 
(C,H,), and trichloracetic acid of the corresponding radicle 
(C,Cl,), each respectively paired with oxalic acid (C,O, H,O). 

But in doing this he gave up the very principle that he 
had been contending for, viz: that the radicles were unalter- 
able: since it was evident that in the first two symbols of 
the formulas a radicle C,H, had been changed by substitu- 
tion into C,Cl,. 

This admission weakened the faith of his most admiring 
followers and threw the blight of timidity over the specu- 
lations of chemists for thirty years. And yet withal, Ber- 
zelius was right in almost every important generalization 
which he made, and right (within the resources of his time) 
in every constant he established. Chemistry without his 
contributions would yet be a mere scaffolding. 

The history of this controversy, the most important 
which has taken place since the commencement of the 
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modern science, is useful as an illustration of another kind 
of hindrance to the progress of intelligent theory. It is 
a too blind devotion to one man, and despairof attaining the 
object which he strove for if he has failed. It is true that 
if ever hero worship were justifiable that of Berzelius was, 
but to sweep aside the whole fabric of his labors, because 
part of his theory was proved untenable, was the veriest 
cowardice and injustice to him. 

How many a chemist in the last forty-five years has 
struggled through a jungie thick planted with the pretty 
crochets of mediocre men, wondering what all this jargon 
meant and whither it was tending; deprived of the vivify- 
ing influence of a high and noble thought, and condemned 
to delve and grub without reasoning, because one of the 
greatest geniuses of original research the world has ever 
seen was worsted in an encounter on a small part of his 
field, and a part to which he had not devoted the best of 
his thought! 

Among the most innocent looking hindrances to the 
development of sound chemical theory must be reckoned 
an hypothesis, which was given anonymously to the world 
in 1815, and which was later referred to its true author, Dr. 
Prout. This was the supposition that the atomic weights 
of all elements were even multiples of that of hydrogen.* 

No argument was offered to show why this should be 
true, but it had the specious and enticing appearance 
which captivates that sense of order which is a human 
instinct. 

Prout did not hesitate to add the obvious conclusion that 
hydrogen was the original material, or as one of the greatest 
of living chemists has put it, the protyle. 

By the usual rule which exists in such cases Prout 
should not have had credit for anything more than a pretty 
idea which besides was only a modification of a similar 
thought of Thomson the collaborator of Dalton, who believed 


* It should be stated that Profs. Crookes, F. W. Clarke and other chemists 
of the first rank still show a leaning towards the acceptance of something 
like Prout’s law.” 


= 


‘4 
4 
4 
| 
4 
4 
4 
q 
q | 


> 


416 Fraser: (J. F.1., 


that the atomic weights of the elements were multiples of 
that of oxygen. Prout was more nearly right, of course, 
because the weight of hydrogen is only about one-six- 
teenth as great as that of oxygen, and is a more general 
divisor. But in spite of all, this pretty thought strongly 
influenced many admirable chemists, even those like Dumas 
and Stas and Marchand and Erdmann, whose labors in 
accurately determining atomic weights did more than all 
else to prove the baselessness of Prout’s assumption. 

Even to-day the tendency is manifested to get back to 
the even numbers which Leopold Gmelin adopted in his 
great work, in entire disregard of the accurate results of 
Berzelius. It must be added that some are prevented from 
falling into this snare through the hope that the real protyle 
will be some day discovered, and that’ being lighter than 
hydrogen it will provide a table of atomic weights less dis- 
figured by fractions than the present one. 

The moral of this theory is that healthy scientific work 
must not be influenced by premature attempts to put a 
finish on it and make it appear symmetrical. 

The discovery of an element lighter than hydrogen and 
possessing properties which, as it will be seen, we can toa 
certain degree predict, might render very desirable those 
ugly decimal affixes to the present atomic weights in order 
to show that experiment supported theory. On the whole 
Prout’s “law” as itis called is a hindrance and quite an 
annoying one. 

The downfall of dualism and the establishment of unit- 
ism in compounds was followed by a storm of conflicting 
notions of chemical union into all of which it is not neces- 
sary to enter. 

To Laurent and Gerhardt is due the praise for unifying 
in the new theory of types, the opinions which had 
been previously thought to be diametrically opposite. It 
has been said that the uncertainty which prevailed upon the 
overthrow of the dualistic theory of Berzelius caused most 
chemists to go back to the old equivalent weights O = 8, but 
Gerhardt opposed this weakness and strongly maintained the 
correctness of the numbers of Berzelius, merely correcting 
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his early atomic weights for the alkaline metals in con- 
formity with the then acquired knowledge of the existence 
of two atoms of the metal in the alkalies. He showed that 
the quantities of H,O,CO, etc., separated in the reactions 
of organic compounds did not represent one equivalent each, 
but two. His aim was to reduce all formulas to one criterion 
which in the case of gaseous substances was two volumes. 
His view was that, when two bodies react, one constituent of 
one (H), uniting with one constituent of the other (QO), 
leaves two residues which unite. Hofmann discovered the 
substitution products of ammonia and thus established the 
ammonia type. Williamson established the water type and 
referred alcohols, ethers, acids, bases and salts to this type. 
Gerhardt recognized the hydrogen type, the water type, 
and the ammonia type, but considered the compounds under 
them units and not couples.* Laurent explained the atom 
as the least part of matter that can take part in chemical 
combination; the molecule as the least part which can 
exist alone, and the equivalent of elements as those quanti- 
ties which would perform the same amount of chemical work. 

Thus the new-type theory was a compromise skilfully 
constructed to save the Berzelians from chagrin while 
embodying all of value in their system. It took the idea of 
type from Dumas, that of radicle from Berzelius, but with 
the difference that it did not presuppose the groups of 
atoms called radicles to be necessarily capable of existing 
alone. Gerhardt admitted that the elements substituted in 
radicles did change the character of the compound. 

Kekulé, in the year of Gerhardt’s death (1857), added the 
conception of mixed types. 

It is unnecessary to pursue this branch of the theory 
farther. An entirely new discovery appeared which was a 


* Dr. Wolcott Gibbs, in 1858, after referring to his attribution of the 
theory of water types to Gerhardt and Williamson, says: ‘‘I have not done 
justice to T. Sterry Hunt, to whom is exclusively due the credit of having 
first applied the theory to the so-called oxygen acids and the anhydrides ; 
and in whose earlier papers may be found the germs of most of the ideas 
on classification usually attributed to Gerhardt and his disciples.’’—Chem, 
and Geol, Essays, p. 468. 
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welcome light and enabled many of the obstacles in the way 
of progress to be seen and surmounted. 

Frankland, after an investigation of the alcohol radicles, 
first announced his views of valence in 1853. 

Kolbe, in 1855, accepted his theory and declared that the 
fatty acids, if imagined free of water, were derivatives of 
CO, or C,O,in which one atom of oxygen is replaced by 

Frankland’s discovery was really a corollary of multiple 
proportions, and had been vaguely foreshadowed by Wohler, 
who said that one atom of antimony was equal to three of 
hydrogen.* 

It is simply, as Hofmann expresses it, chemical value in 
exchange. Some elements, of which H isa type, can only 
combine one atom to one atom; some, like oxygen, can hold 
two atoms of the first-named kind in union. Some, like 
nitrogen, can hold three, and some, like carbon, four. Kekulé, 
in 1858, determined this valence of carbon, added another 
to the list of types which led to the establishment of the 
ring structure of some organic compounds. 

Elenmeyer found that every element had a highest val- 
ence but might not use all of itscombining powers. Wurts 
and Naquet believed the valence changeable, Kekulé 
believed it fixed, and that only compounds using all the 
valences of every constituent were real chemical com- 
pounds. It appears to be the general opinion nowadays that 
the valence of elements is not only variable but that it does 
not even vary as was supposed by the suppression of two 
affinities at once (which might be explained as the loss 
or suppression of one whole polarity); but that an element 
may be now an artiad and now a perissad, @. ¢.,even or odd 
in the number of its bonds. 

The subject is not well understood, but it presents a 
good opportunity for acting on the lesson taught by Prout’s 
“law,” not to be captivated by a beautiful idea, but to stick 
closely to facts. 


* Von Meyer’s admirable and impartial work on the history of chem- 
istry (Leipzig 1889), a most valuable contribution to the science and a fitting 
supplement to Kopp’s, has been largely drawn upon. 
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It would be impossible at this time to follow all the subse- 
quent contributions to the theory of chemistry, but the most 
superficial sketch of the subject would be incomplete without 
studying an extraordinary discovery of which the advent had 
been preparing long before its announcement by Lothar 
Meyer and D. Mendelejeff. The latter pointed out that if 
the atomic weights of the light elements (or those with 
atomic weights from one to thirty-six) be arranged in two 
lines of seven each, a natural grouping is effected thus: 


Li-7. Be-g4. B-11. C-12. N-14. O-16, F-19 
Na-23. Mg-24. Al-27°3. Si-28. P-31. S-32. Cl-35°5. 


In these two lines two periods are passed over. From 
left to right in each, with the increase of atomic weight isa 
change from the most electro-positive to the most electro- 
negative, while the elements in the centre are nearly neutral. 
Again with the beginning of the second period, elements of 
the same kind come to stand under one another. The same 
might be shown to be true in their behavior in forming 
compounds with oxygen. Again the metals are on the left 
and the non-metals on the right. The specific gravities 
. increase, and the atom-volumes (or the atomic weights 
divided by the specific gravities), and all other physical 
and chemical properties which have been examined, change 
by regular gradations in vertical or horizontal lines. With- 
out pursuing this subject into its curious details it is 
apparent that there has been some law exemplified in the 
production of these elements; acondition of things which 
is cyclical in its action or, as it is called, periodic. From 
the data obtained it was possible to construct a table which 
while containing all the known elements, contained gaps in 
certain places where (according to the analogy of the 
periods) elements ought to have been but none had been 
discovered. From the position of these gaps it was even 
possible to prophesy from the analogy of elements in similar 
positions of other periods, that if discovered the new ele- 
ments filling these gaps would have properties interme- 
diate between those occupying places before and after it, in 
regard to fusing point, solubility, specific heat, positive or 
negative polarity, etc. 
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After the announcement of this periodic law, chemists 
were impatient for a verification of its accuracy, and in the 
discovery of the newest metals, gallium and germanium, 
those predictions were found to have been well founded. 

As no better test of a theory can be had than its use asa 
basis of prediction, the periodic law may be said to have 
been proved, and to be evidence of a profound and intimate 
connection between the elements. 

What the connection is has not been certainly ascertained, 
but a bold and beautiful hypothesis was enunciated in 1886, 
by one of the greatest of the master minds of our age, in 
his presidential address before the Chemical Section of the 
British Association for the Advancement of Science, William 
Crookes.* 

A skeleton of the views in this paper is as follows: 

Norman Lockyer said that a terrestrial element 1s an 
exceedingly complex thing, broken up into simpler things 
at the temperature of the sun. 

Sir Benjamin Brodie in 1867 said, ‘‘ We may conceive that 
in a remote time or in remote space there existed formerly 
or may exist now certain simpler forms of matter than we 
find on the surface of our glebe.” 

Professor Stokes, in referring to a line in the spectrum 
of the nebulae remarks: “It may possibly indicate some 
form of matter more elementary than any we know on 
earth.” 

Crookes holds that the unequal distribution of elements 
in the earth's crust is evidence in favor of their composite 
nature. 

The probability of such rare metals as yttrium, ytterbium, 
etc., having been brought together by chance in a few 
uncommon minerals and in a few localities, is very small. 
They would rather seem to have been formed severally 
from some common material placed in conditions in each 
case nearly identical; and the existence of other groups 


* See address of William Crookes, President of the Chemical Section 
Brit. Ass'n for the Adv. of Science, at the Birmingham meeting, 1886. (R'pt 
B. A. A. S., 1886, p. 558.) 
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of metals, as nickel, cobalt, and the two platinum groups 
furnishes additional ground for this supposition. Another 
argument in favor of their composite nature is that of the 
organic compound radicles. 

Dr. Carnelly at the previous meeting (1885) had shown 
that on the supposition of two chemical elements; one with 
an atomic weight of twelveand the other of two—all the fea- 
tures of peroidicity in Mendelejeff’s series could be produced 
by their combination, and every well-known element repro- 
duced except hydrogen. 

Dr. E. J. Mills considered the elements we now have 
as the result of successive polymerizations. 

All these observations Crookes has thrown into a dia- 
gram by which is represented the hypothetical condensation 
of the original “ fire mist” out of which the universe was 
derived and which contained, not matter but the potentiality 
of matter. In this condensation due to the gradual lower- 
ing of the temperature, another force than that of heat was 
at work—a force which he supposed not very different from 
electricity. As the temperature was lowered the elements 
congealed one by one out of the protyle in the form of atoms, 
of which the weight depended upon the temperature at the 
time of this formation, and the properties due to the electri- 
cal phase at the time of their birth. But the potential 
energy of the atom was greatest in the first that were thus 
condensed and more sluggish in the last when the tempera- 
ture was lowest and the electrical force least. 

We must be warned by the very beauty of this concep- 
tion that it is but the effort ofa superior mind to materialize 
for us the successive phenomena which it sees in imagina- 
tion, and nota register of observed phenomena or a proven 
genesis. Yet itisimpossible toconceive of the regularity and 
accuracy with which the labor of a century is fitted into 
that scheme without feeling that it contains more than a 
figment of the fancy. ; 

At least nothing greater and nobler has been attempted 
in our science since its inception, and whether it be finally 
assigned its place among the great theories of the world 
or not, it will, undeniably, through its broadening of our 
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views and its enlarging of our conception, have been a help 
to the progress of chemicai theory. 


In reference to the supposed steam engine prediction, mentioned at the 
beginning of this lecture, Mr. W. P. Tatham calls my attention to the fact 
that the actual observation misquoted by the N. Y. Hera/d for sensational 
or other satisfactory journalistic reasons, and repeated ever since fin spite 
of countless corrections), after the manner ot the average erroneous news- 
paper paragraph, was made by Dr. Dionysius Lardner and referred to the 
steamer of that epoch, which, according to his calculation, could only 
carry coals for a journey of 2,000 miles with due allowance for accident 
and delay. That he never entertained such an opinion as that above 
referred to is evident from the following language: ‘‘We are even now 
upon the brink of such improvements as will probably so extend the powers 
of the steam engine as to render it available as the means of connecting the 
most distant parts of the earth.” 

The steam engine familiarly explained and illustrated, etc., by the Rev. 
Dionysius Lardner, LL.D., F.R.S., pp. 241-242, etc , ete. E. L. Carey and A. 
Hart, Philadelphia, 1841. - 


POSSIBILITIES or APPLIED SCIENCE. 
By OBERLIN SMITH. 


[A lecture delivered before the Franklin Institute, February 16, 1891.) 


The lecturer was introduced by the Secretary of the 
Institute, and spoke as follows: 


LADIES AND GENTLEMEN :—When the flattering request 
that I should address this learned Association of the devo- 
tees of Science and Art was tendered me by your Secretary, 
I hastily chose the theme, “ Possibilities of Applied Science,” 
as one well fitted to an institution which is, let us hope, a 
congenial haunt of the spirit of the immortal Franklin. It 
has occurred to me later, when asked whether I needed 
a lantern and screen, or other illustrative apparatus, that 
perhaps the absence of these accessories will cause disap- 
pointment to my audience—inasmuch as I have used them 
here to some extent upon a former occasion, and as many 
of my fellow-lecturers have thus made for you brilliant expo- 
sitions of science, after a manner that no speaker can do 
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by mere words—however eloquent. Possibly the word 
“Future ” should have been prefixed to my title, as some of 
my hearers may have expected to see illustrated this even- 
ing things that, though strange and new, have already been 
accomplished. Had I been dealing with the science of 
the present, this expectation might have been fulfilled. As, 
however, this ground was so well covered by my colleagues 
in this course, I felt relegated to the future, or the past. 
When thinking over the latter theme shall I confess to a hope 
lingering in my mind that some of our ever-active oriental 
explorers would soon unearth certain photographs and 
detailed blue-prints of their work, left in trust to the Frank- 
lin Institute by Tubal Cain, Hero of Alexandria and the 
spear-makers of Czesar’s Rome. From these you shouid 
have had lantern slides, but, alas, I found that I had heard 
in vain Wendell Phillips upon the “ Lost Arts,” and that I 
must cry, with Milton, 
“ The past, who can recall, or done, undo? 
Not God omnipotent, nor Fate.” 

Turning to the future for my subject, I was not yet out 
of my dilemma—finding that even our most progressive 
amateur “camerists” had found illustrations of this theme 
to be among the mpossibilities of science. Mental pictures, 
however, we may limn, for 

“Time, as he courses onwards, still unrolls 
The volume of concealment. In the future, 
As in the optician's glassy cylinder, 
The undistinguishable blots and colors 
Of the dim past collect and shape themselves, 


Upstarting in their own completed image, 
To scare or to reward.” 


Could Franklin be with us to-day and see the marvellous 
developments that have taken place in all branches of 
science as applied to the arts, in the short century since he 
reigned as one of the kings among inventors and physicists, 
can we think he would be skeptical regarding the ultimate 
fulfilment of any mental prophecies which your lecturer's 
flights of fancy may lead us mutually into this evening? 
Would he not excuse us from the charge of being unduly 
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speculative and visionary, were he to measure the giant's 
strides, impressed indelibly in footsteps of light, upon the 
last decade of our history, even deeper than upon its prede- 
cessors ? 

Within this brief period, to say nothing of the many and 
brilliant inventions which mark the few previous decades 
of a half a century back, we have seen in our midst the 
absolute creation of six great commercial industries founded 
upon electricity alone. I refer to telephony, electric light- 
ing, electric railroading, electric power-transmission, electric 
welding and electric reduction of metals—notably alumi- 
num. Besides these well-established applications to the 
purposes of life of that mysterious steed which Franklin 
loved to harness, any one of which would have marked an 
era in the earlier ages of our civilization, we are daily 
hearing of new burdens that this fiery charger is being 
taught to carry. Among these a few prominent ones that 
occur to me are electric tanning, electric ore-drilling, elec- 
tric hoisting, electric warming, electric cooking, electric 
navigation and tube-making by electro-deposition. With 
all the hum of electrical industries so constantly about us, 
it seems difficult to realize that only a score of years ago 
our practical commercial use of electricity, on a large scale, 
was limited to telegraphy, electro-plating, bell-ringing, and 
perhaps the killing of a few farmers, whom the “lightning- 
rodders,” as the genial Stockton calls them, had persuaded 
to put their rods almost entirely above ground instead of 
partly below. 

Knowing of these marvels in the near past, and of all 
the other wondergof our century, in all departments of 
engineering science, and knowing that many of them were, 
a few years before their appearance, regarded as impossi- 
bilities, even by men of science, I do not feel that I am 
Over-visionary in suggesting the things to be mentioned 
later on as within the realms of possibility. Some of them 
are more than this; they are probabilities, while not a few 
may be almost classed as certainties—as far as we can, with 
our present knowledge, predict their logical future develop- 
ment from their past history. 
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Who, for instance, knowing that we in Philadelphia now 
talk distinctly to business associates in Boston or Buffalo, 
in an ordinary tone of voice, the individuality of which is 
clearly recognizable, and knowing that even the wisest 
among us would have declared the thing absurd fifteen 
years ago, is willing to declare that it is impossible that we 
shall sometime see each other a thousand miles apart? No 
one, I think, who has a keen eye for the brilliant analogies 
which science is ever holding up before us, as object les- 
sons, with which to teach us of her lore. 

When, a few sentences back, I spoke of choosing in haste 
this theme, the expression was used in reference to the fact 
that it had been found more unmanageable than I at first 
supposed, on account of certain difficulties in classification. 
In trying to group under appropriate heads the sub-subjects 
we wish to examine together this evening, an obvious 
method seemed to be to treat them as manifestations of 
science applied to the various arts by which man supplies 
his wants, and to take these somewhat in their natural 
order of importance, in the development of civilization out 
of barbarism. The chief of such wants and desires are: 
food, clothing, shelter, warmth, light, trade, travel, learn- 
ing, art and health. This classification is convenient, 
rather than strictly logical, as some of the terms partly 
include some of the others. 

A more scientific framework for my discourse, but one 
which, for reasons to be mentioned, seemed likely to result 
in some confusion, would consist in a system of grouping 
by the sciences themselves: as, Agricu'ture, Architecture, 
Chemistry, Engineering, etc. In trying to analyze the latter 
term, and fix upon appropriate adjectives for the numerous 
departments of modern engineering science, I was more 
than ever impressed with the inadequacy of our nomencla- 
ture in the matter of such definitions. In a comprehensive 
sense this science includes all the others, as applied to the 
useful arts, and, treating the subject with some degree of 
logic, we have Engineering, agricultural, textile, architec- 
tural, calorific, illuminant, topographical, hydraulic, mining, 
metallurgical, marine, vehicular, acoustic, a€ronautical 
VoL. 28 
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chemical, educational, surgical, diversional, military, etc. 
The most used adjective of all, “civil” does not appear in 
this list, because, in its true sense, it includes all the others 
—except the last named. So also the terms “mechanical” 
and “electrical” engineer are difficult to define exactly 
because, according to modern methods, their work enters 
largely into that of all the others mentioned, and includes 
part of the military field. Their functions are also some- 
what interlocked with each other, so that they are all the 
time becoming more and more interdependent. From the 
somewhat awkward list given, which, by the way, is far 
from complete, it will be seen that the idea involved cannot 
be carried out without the coinage of certain words which 
are, to say the least, rather unconventional. 

Upon the whole, it seems that the deever one tries to 
look into the work of a systematic classificution of applied 
science, the more befogged becomes one’s vision. The 
truth of the entire matter is that we sorely need some con- 
gress of dictionary-makers—not only for the fixing with 
exactitude a meaning for many general scientific terms, but 
for the establishing of definitions that are definite, for thou- 
sands of words pertaining to the details of the technical arts. 
In ending this digression, it might be fitting to approach 
the subject proper of my discourse by suggesting that among 
the brilliant possibilities of the future will be some feat of 
lexicographical engineering, so to speak, that will apply the 
rigid logic of our modern chemical nomenclature (which has 
been the means of so much advancing that science) to the 
various other branches of technics. Let us all hope for the 
day when, in the world of science, no two words will mean 
the same thing, and no two things will be described by the 
same word. 

Following the classification of our subject first proposed, 
we shall find perhapsin the realm of food-making less oppor- 
tunity for important changes than in any other field of 
human industry—unless, indeed, we possibly may sometime 
reach what would be the most radical change in all human 
development, namely, the artificial production of food from 
inorganic substances, or even from woody fibre. Such pro- 
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duction would, of course, tend to utterly revolutionize our 
agriculture, our fisheries, our stock-raising and game-pres- 
ervation, together with all the methods of commerce depend- 
ent thereupon. A change of this kind seems extremely 
unlikely to happen for many hundreds or thousands of years 
tocome; and yet, in view of recent developments in chemical 
synthesis, which prove that many heretofore-considered 
organic substances can be built up from elements derived 
in the laboratory from inorganic matter, it will not do for us 
to rate it as an impossibility. In the making of our present 
foods we have not, perhaps, very much to learn, because such 
making is the oldest industry in the world. In the art of 
cooking them, however, we are still progressing, as we have 
been since some period following Adam's little pomological 
experience, wherein the apples received among his wife's 
morning marketing were probably not baked ones. We 
shall, no doubt, learn from science many minor improve- 
ments in the construction, preservation and distribution of 
prepared foods of various kinds, all of which will promote 
their purity and cheapness. In household economy, w¢ 
shall probably develop the greatest alleviations of domestic 
drudgery by the use of electricity to do the necessary heat- 
ing—and perhaps the cooking also. In this, as in other 
household requirements, to be mentioned later on, the ideal 
substitute for the bringing in of coal and ice, and the taking 
out of ashes and drip-water, would be a wire connection with 
some distant source of electric energy. The mere touching 
of a switch to exactly regulate the heat necessary for roast- 
ing, broiling, baking, boiling, washing and ironing, as for 
power, warming and lighting, would, indeed, be a house- 
hold blessing. 

In regard to the making of clothing (of cloth and other 
textile materials), we can say, as with food, that: the 
art is so old that there seems scarcely room for more great 
inventions. There is, however, room for many minor 
improvements, in methods of manufacture as well as in the 
fabrics themselves. Undoubtedly, some better way will be 
contrived to fit garments to the human body than the crude 
methods now in use of cutting up whole pieces of cloth, at 
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the expense of considerable waste, into irregular shaped 
sections which must again be sewed together. Very prob- 
ably the future may develop automatic methods of weaving 
or knitting fabrics to the exact shape required, so that they 
will be entirely seamless. An instance of this is already 
seen in the seamless stockings, which are knitted by some 
of the recently improved knitting machinery, and there 
seems to be no good scientific reason why the same princi- 
ple should not be carried out to cover the entire field in 
question. We can easily imagine as practicable some 
mechanical method of measuring the individual so that the 
machine would automatically produce a correct fit to order. 
An analogy ior this is seen in the process used by hatters 
for taking the contour of one’s head—only in one plane, 
however, rather than the many necessary for fitting a 
coat. 

Another possible departure from present methods might 
consist in some system of chemical or sedimentary deposi- 
tion, to take the place of the present methods of spinning, 
weaving and piecing together. The wonders of mechanical 
chemistry, if we may so term it, are already so great, that 
we may expect almost anything in the future. 

Another line marking a radical change in costume may 
possibly extend in the direction of fabrics composed partly 
of diminutive air-cells, so that they can be inflated more 
or less, and thus a given garment be made suitable for zero- 
cold or summer's day. This would be something upon the 
same principle already practised by the birds, who fluff up 
their feathers as the temperature grows colder. Whether 
such garments might be made available for life-preservers 
at sea, by still further inflating them, is a question that 
must be relegated to their future inventors. 

In the matter of she/ter, or home-building, as we may 
term it, the race has long had ample experience, and we 
cannot, of course, expect radical changes in the general 
principles underlying the art of building. We may, how- 
ever, and probably shall, develop important improvements 
in regard to materials of construction and methods of fast. 
ening them together. Already we are approaching a “stee’ 
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age” in regard to the building art. Whether some still 
more desirable metal will in time supersede it, is, of course, 
a question, but it would seem not unlikely that such a 
metal might be found in some alloy of aluminum—provided 
it should ever become cheap enough. 

Just here it may be well to say a word in reference to the 
enormous crop of nonsense which has recently been, and is 
still being, printed in our newspapers in regard to the 
wonderful capabilities of aluminum as a material for build- 
ings, bridges, ships and other structures where great strength, 
combined with lightness, is desirable. It is true that this 
noble and beautiful metal, which has so recently become 
among us a commercial entity, is only about one-third as 
heavy as iron, and one-eighth as heavy as gold, weighing 
only about three times as much as- hard wood. Unfortu- 
nately, however, it is not much more than one-third as strong 
as iron or mild steel; and consequently, there is very little 
gain in using it for structures of the kind mentioned, except 
for its beauty and non-corrodibility. This is for the reason 
that, to secure a given strength in a loaded beam, cable or 
other structure, we must.use about three times the bulk 
that we would in the case of iron or steel. All these facts, 
however, do not prove that aluminum is not a large compo- 
nent of some coming metal suitable for the purposes in ques- 
tion, and many others requiring great strength and lightness, 
which lightness, by the way, is not so essential in buildings 
as it is in bridges, ships and railway cars. A few months 
since, this statement would not have been so pertinent, as no 
alloy of aluminum was generally known which was very 
much stronger than the metal itself, unless made largely of 
iron, copper or some other heavy metal. Within a few 
weeks, however, information has been made public regarding 
certain experiments by the French Government which show 
the valuable result of an alloy of aluminum with only six per 
cent. of copper. This is more than double the strength of 
aluminum alone, while its weight is only about six per cent. 
greater than the weight of that metal. Thus, at one bound 
is shown the possibility of a revolution in the design of 
many structures by adapting them toso valuable a material 
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as the alloy mentioned. These experiments are, however, 
probably but the first step toward something still better, 
which we may expect of the metallurgists of the future. 
With a material very much lighter, in proportion to its 
strength, than our present iron and steel, we may certainly 
expect radical changes in various structures, notably roofs, 
bridges, and the like, whose span can be much increased 
when some of the limitations incident to present materials 
are removed. 

With regard to the future cheapening of aluminum, it 
is difficult to predict. The fact, however, remains that its 
ores-exist all about us in probably greater quantities than 
those of any other material, and that already its cost has 
been reduced to one-tenth of what it was less than a dozen 
years ago. Reasoning. by analogy, there seems no good 
cause why it should not soon be brought down to figures 
which wiil compete with copper and brass—and perhaps 
eventually with steel itself. At all events, there are many 
cases in which we could afford to pay a much higher price 
than now for the materials of a structure, for the sake of the 
advantages gained in design. 

In regard to the few, and (at present) rare, metals rivalling 
aluminum in lightness, such for instance as magnesium, 
which is perhaps the most common, it is not likely that they 
can become its rivals for constructive purposes. This is not 
only on account of their physical characteristics, but also 
because their ores are probably not so plentiful. What may, 
however, be done with some of their alloys, we have no data 
for predicting. Alloy-making is an art in which lies hidden 
countless capabilities. Indeed, when we consider how the 
various metals may be combined, both as to number and to 
quantity, and how easily they are affected by the admixture 
of non-metallic substances—as, for instance, carbon in steel 
—the changes that may be rung to produce new and useful 
alloys seem almost infinite in number. 

_ In predicting further improvements in our buildings, a 
safe field for flights of fancy is that of automatic conve- 
niences of many kinds, which will undoubtedly be contrived 
to minister to our comfort and happiness. Among these 
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will probably be: still better elevators than now; arrange- 
ments for water-proof walls, floors and ceilings which can be 
perfectiy purified and cleansed by water or steam jets; auto- 
matic heating and cooling arrangements to secure constant 
temperature and healthful ventilation; perfect control of 
lighting, to any degree and from various locations ; the open- 
ing of doors, windows, shutters, shades, mosquito-nets, and 
other movable devices, by the mere touching of electric 
buttons, either in the immediate vicinity of the devices 
named, or from distant parts of the building; easier food- 
transmission and table service; inter-house telephones and 
other signals; automatic indicating, in every room, of time, 
temperature in-doors and out; barometric pressure, direc- 
tion and force of wind, weather probabilities, etc. Another 
great desideratum in the future house will probably be 
obtained by its being made absolutely fire-proof, a result 
the value of which, to our nerves and to our purses, it is 
unnecessary to mention. 

In the matter of warmth, which word I| use advisedly, 
rather than heat, because I wish it to include a certain 
degree of coolness, there is certainly an inviting field for 
our future inventors. This subject was touched upon when 
speaking of buildings, but the improved methods therein 
desirable would also be required for making comfortable 
ships, railway cars, carriages, etc. That our present methods 
of heating by the burning of coal and the non-burning of 
smoke, and of cooling by carrying in lumps of ice, are crude 
and wasteful, as well as extremely irregular and uncom- 
fortable, it is not necessary to argue about. It seems 
probable that in the near future, at any rate for our cities, 
some system of gas heating will displace coal and wood to 
a large extent, and this is the more likely from the fact that 
our streets and houses are already supplied with the 
necessary pipes, which may perhaps be gradually thrown out 
of use, as conveyers of illuminating gas, by theimprovement 
and development of electric lighting. There also seemsa 
tendency among inventors in recent years to attempt some 
kind of artificial cooling by the distribution through pipes 
of cold air or freezing mixtures of various kinds; also to 
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contrive cheap ice-making, or other cooling, machines which 
can be economically used in individual buildings. 

All this is in a direct line of progress, but it seems prob- 
able that at some time in the future we shall depend upon the 
electric current brought into each building through a single 
wire, not only for our lighting and power, hut for our heat- 
ing and cooling also. Just how the latter process is to be 
accomplished we do not yet know, but, reasoning by ana- 
logy, it would not seem outside the range of possibility, 
when we consider the fact that the burning of coal in a 
furnace can be made to produce heat or cold at will. It is 
true that while electric heating in itself has been proved 
to be perfectly practicable, yet at present it is not eco- 
nomical. This is owing to the fact that our best and largest 
steam engines by which we run our dynamos utilize only 
from ten to fifteen per cent. of the energy stored in the coal, 
lavishly wasting the remainder. Fortunately, our dynamos 
have reached an efficiency of about ninety per cent., so that 
there is not much waste in using the electric current after 
the power to produce it isonce generated. It is probable, 
therefore, that the use of electric heating will for the present 
be somewhat limited, and confined to special places where 
its convenience will offset its extra cost. For an extension 
of its employment thus, as for certain other important uses 
of electricity, and upon a scale far beyond anything we can 
now imagine, we. must wait until we learn how to produce this 
current of pure energy from the coal or other fuel direct. 
Than the accomplishment of this feat, there is to-day no 
more fascinating problem in the realms of science. Many 
are working at it, with as yet but small success. We need 
not despair, however, as it seems to be a logical possibility, 
and the only thing required is to find out how to do it. 

While upon the subject of warmth and coolness, the 
question naturally arises, shall we ever be able to control 
our climates, out-of-doors as well asin? At present we can 
conceive no possible way of doing this, and yet some youth 
among us, who should positively say that it is an impossi- 
bility, might live to realize that it is not well to be too 
prophetic. We already do something in the way of con- 
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trolling rain-fall, by regulating forests and inland seas. 
Practical experiments are about to be tried with explosions 
high in the air. Who knows what may happen when we 
learn more about atmospheric electricity ? 

Regarding /ight, the next subject of my classification : 
Dame Nature probably has many wonders in store for us, 
which, so far, it has not pleased her somewhat coquettish 
majesty to reveal. It is hardly likely that many very bril- 
liant inventions will be made in pine-torches, tallow-dips, 
kerosene lamps or gas-burners, as the vast superiority of 
the electric light, even in its present crude state, bids fair 
soon to abolish all of those antiquated luminaries—-espe- 
cially in and near our cities, and within the range of their 
electric circuits. The most probable field that occurs to 
me for inventions of this class is in the way of solidifying 
petroleum or other cheap illuminants—thus making them 
more portable. Something I believe has already been 
done in this line, but how much I know not. Could sucha 
process be made commercially practicable, and could there be 
some simple method of burning the product with a bril- 
liant steady light, without smoke and without the nuisance 
of glass chimneys, we should have an ideal light for 
portable purposes and remote situations. Analogous 
improvements in tallow and whale-oil are scarcely to be 
expected, as these materials can never compete with petro- 
leum in quantity and cheapness. 

In regard to the improvement of the electric light itself, 
there does not seem to be a very large field ahead with the 
two present types that are in practical use, viz: the arc 
lamp and the incandescent, or “‘ glow” lamp, as our English 
cousins more appropriately term it. Both of these devices 
have apparently reached a tolerable degree of perfection, 
but, so rapid is the development of electrical science, that 
we must prepare our minds for some radical change of 
methods at any time. It is well known that there is an 
excessive loss of energyin both of these systems, éven after 
the steam engine has squandered nine-tenths of its patri- 
mony. Especially isthis the case with the glow lamp, which 
takes nearly ten times as much power, for a given amount 
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of light,as does the electric arc. The loss of energy in 
question is obviously due to its dissipation in the form of 
heat. If, therefore, we can imitate the oft-quoted glow- 
worm, and view the electric energy in the form of pure 
light, we shall enormously cheapen this boon of mankind. 
Many busy, practical brains are now working in this field; 
and others are approaching it from an abstract scientific 
standpoint, by trying to discover the inward nature of the 
mysterious forces known to us as electricity and magnet- 
ism. That glorious results will sometime come to us; who 
can doubt? When they do come, who can predict how 
great will be the impetus given to manners and to morals, 
to learning and to art, bya light so cheap that every farm 
and roadside, in common with every nook and corner of our 
cities, may, at will, be made to glow with the radiance of 
day ? 


New ALLOYS ANpD THEIR ENGINEERING 
APPLICATIONS. 


By F. Lynwoop GARRISON, 


[A lecture delivered before the Franklin Institute, January 30, 1890, and 
February 6, 1891.) 


MEMBERS OF THE FRANKLIN INSTITUTE, AND LADIES AND 

GENTLEMEN : 

In dealing with the subject of alloys, we have to con- 
sider a class of compounds about which, strange as it may 
seem, we know very little. Although the practice of com- 
bining or mixing one metal with another is older than 
history itself, it cannot be said that at the present time we 
have any established general laws regulating the subject 
as a whole. Those who have to do with alloys, generally 
determine by actual experiment or experience what mixt- 
ures and proportions give them the best results for specific 
purposes: The art of alloyage may therefore be considered 
as empirical, having little or no basis on scientific fact. | 
am, of course, speaking in very general terms, as there 
are many alloys whose properties and peculiarities have 
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been observed and determined with the greatest scientific 
care. The subject is a very extensive one when we take 
in consideration the numerous and varied iron alloys, which, 
to my mind, constitute the most difficult part of metal- 
lurgy. 

The varying proportions of the elements present in an 
alloy are apt to produce such subtle effects that one must 
always be ready for the unexpected. Again, the properties 
of an alloy may be much altered by physical means; thus, 
for instance, the results that a given alloy will produce at 
ordinary temperatures may be very different from those it 
will give when heated or cooled. The treatment an alloy 
has received, such as shocks, strains, etc., will change its 
qualities to a greater or less degree; the manner in which 
it has been cast, cooled, rolled or hammered also affects its 
properties. 

Alloys are interesting from a purely scientific standpoint; 
they are not only mixtures of metals having certain par- 
ticular qualities, but also in many cases appear to be actual 
chemical compounds. In the phenomena which accompany 
the union of some of the metals we observe reactions 
which characterize the manifestation of affinity, such as an 
evolution of light and heat, resulting in the formation of 
substances having a definite composition, distinct crystalline 
form, and a variety of properties different from those of 
the constituents. Ordinarily, alloys may be considered to 
be simple mechanical mixtures of metals or solutions of 
one or more metalsinanother. It would also seem probable 
that certain proportions of one or more of the constituent 
metals may form definite chemical compounds with each 
other. 

In using the term “new,” in the title of these lectures, I 
mean that it shall be construed broadly, as I am well aware 
many of the alloys which I shall take up are not strictly 
new things. Their manufacture, composition and pecu- 
liarities are not sufficiently well known, however, to be con- 
sidered old, although the extent of their use in the arts 
may be considerable. 

I therefore feel it incumbent upon me to mention a few 
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of them at length, although in some cases they have long 
since been replaced by newer and better compounds. 

The subject we have under consideration is so extensive 
that I find it will be necessary to divide it into two parts. 
In the first part, I purpose to confine myself to the copper 
alloys, such as the bronzes, brasses, etc., and in the second 
part to iron alloys, or more particularly to the combina- 
tions of steel with the various elements, such as nickel, 
copper, chromium, etc. 

The rapid substitution of metals for wood and stone in 
various engineering constructions, the use of bronzes and 
other strong elastic alloys in place of cast or wrought iron; 
or, in short, the vastly more general use of metals in the arts, 
demands that engineers of all classes shall give much closer 
attention to the physical properties of these metals and 
metallic compounds than formerly. It is a mistake for 
engineers to follow rules of thumb; or, indeed, to adhere 
rigidly to any rules whatever in this particular. The 
problem to determine just what particular and peculiar 
kind of alloy is best suited for a given purpose appears to 
be a difficult one. The engineer should be governed to a 
great degree by his judgment, which, to be keen and 
correct, must be based upon a thorough knowledge of the 
fundamental laws of physics and chemistry. I am deci- 
dedly of the opinion that this most important matter (the 
physical properties of metals) receives insufficient consider- 
ation at the hands of the engineering professions ; indeed, 
it is not improbable that many engineering disasters are due 
to our ignorance on this score. I cannot see that an establish- 
ment or individual is any better off when provided with a 
testing machine and a chemical laboratory if the results 
thereby obtained are not properly understooa and applied. 

Except as a matter of general information, a knowledge 
of the processes of smelting and refining metals can be of 
little use to the engineer who is not especially engaged in 
such work. A knowledge of the physical properties of 
metals, however, is of the greatest importance. Tensile 
strength, elastic limit, elongation, reduction of area, etc., 
should be to him as so many letters of an alphabet, whose 
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relation to each other in one aspect would mean a very dif- 
ferent thing from their relation in another. In like manner, 
the chemical composition and the effect which the concomi- 
tant elements exercise upon the properties of the alloy should 
be understood. I must state, in connection with this, that, 
throughout this discourse, I use the word alloy in the broad 
sense, 7. é., a metallic mass composed of various metals in any 
proportion whatever; thus, for instance, I consider ordinary 
steel as much an alloy as brass. 

I think there is nothing that can more forcibly demon- 
strate the importance of the subject, than the consideration 
of the advantages gained by the substitution of mild steel 
for iron, as, for instance, in the art of ship-building, where 
the advantages of the use of mild steel scantlings in place 
of iron is represented by a saving of twenty-five per cent. in 
the cost of fuel necessary to propel the ship. 

The natural and proper tendency of engineers in designing 
structures is towards a decrease in weight, and at the same 
time an increase in strength. In order to meet this demand, 
the metallurgist must produce a material giving greater 
strength and durability in every particular—and to produce 
such results it is with these new alloys he will have to deal. 

For the sake of convenience, I have divided the alloys I 
purpose to consider into two general classes, the copper 
alloys and the iron alloys. While in many instances the 
same elements are met with in both classes, the proportions 
are very different, and the system of manufacture, the uses 
and the peculiarities of the two classes are quite unlike. 


COPPER ALLOYS. 


Copper Alloys (Bronse).—Under this head we have to con- 
sider the copper-tin alloys constituting the bronzes proper, 
the copper-zine alloys constituting the brasses, and the com- 
binations of the bronzes and brasses with each other and 
with other elements, such as iron, manganese and phos- 
phorus, in all cases the proportion of copper being in excess 
of the combined amounts of the other metals present. 

The term bronze is usually, and by virtue of long usage, 
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properly applied to alloys of copper and tin; it is some- 
times, however, improperly given to copper alloys containing 
little or no tin. 

How, when and where the admixture of tin with copper 
to produce bronze was first discovered, is something we 
cannot hope to ascertain, for history gives us no clue to the 
mystery. As far back as we can trace, the use of bronze 
seems to have been common, and its fabrication, both by 
casting and forging, well understood. 

The tools of the ancient Egyptians were generally made of 
bronze containing twelve parts of tin to eighty-eight parts of 
copper, doubtless hardened and toughened by hammering. 
The usual composition of the ancient bronzes was nine parts 
copper and one of tin; but the proportion of the latter varies 
from five to fifteen per cent., and in some cases lead has 
been detected. The use of lead in many of the old Roman 
bronzes appears to have been somewhat common, and prob- 
ably it was added to increase their fusibility; it is true also 
that lead is an economical substitute for tin. 

It is a remarkable fact, that even with our present scien- 
tific knowledge, we could hardly suggest an improvement 
upon the general composition of these ancient bronzes; or, 
with our advanced mechanical practice, surpass the admir- 
able workmanship and beauty of form of some of the various 
implements of the developed bronze period. 

Although the term brass appears in several places in 
the Old Testament, it probably did not mean an alloy of 
copper and zinc as we now understand it. The production 
and use of metallic zinc is comparatively modern, its exist- 
ence and use as such does not appear to have been known 
at the time of Pliny, nor indeed at a very much later period. 
The Romans, according to Pliny, appear to have had the 
trick of giving their bronzes a golden color, by the addition 
of more or less of the mineral calamine (silicate of zinc— 
Zn,.SiO,). 

The zine which found its way into their bronzes was 
probably by this means, or by the use of some other zinc 
ore which may have been mixed with the original copper 
ore, or added subsequently to the copper. 
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The composition of some of the English brass, of the 
year 1504, was found on analysis to be—copper, 64 per cent.; 
zine, 294; lead, 34; tin, 3 per cent. 

Aluminum Bronse.—Commercial pig copper almost inva- 
riably contains more or less dissolved cupreous oxide and 
occluded gases. The presence of these impurities tends to 
decrease the ductility of the metal, and their removal 
produces an astonishing increase in the tensile strength 
and general ductility. 

In this simple fact lies the secret of the excellent results 
obtained with the improved copper alloys, known as alu- 
minum bronze, phosphor bronze, manganese bronze, deoxi- 
dized copper, tempered copper, etc. 

Aluminum, phosphorus, manganese, arsenic, silicon and, 
possibly, iron, when added in various ways to copper, act 
on these traces of cupreous oxide dissolved in the copper, 
deoxidizing the same and thus improving and toughening 
the copper. The slag, containing the oxides of the 
copper and the other metal or metalloid, resulting from 
this deoxidation, rises to the surface and can readily be 
removed. 

This is probably the 7é/e aluminum plays in the manu- 
facture of aluminum bronze. Truly it is not such a 
very remarkable one, when we consider there are nearly a 
half-dozen other elements which will do exactly the same 
thing. 

Aluminum enthusiasts would have me believe that this 
property of producing an exceptionally strong ductile alloy, 
when aluminum is added in certain proportions to copper, 
is peculiar to aluminum—that such is not the case I hope 
to prove to you further on. 

I cannot, in connection with this, refrain from mention- 
ing the .great amount of trash and nonsense which 
is being continually published about aluminum; if 
anyone will take the trouble conscientiously to examine 
into the subject, I think he will find that the field for the 
application of aluminum, at least in the engineering arts, is 
not particularly large. To quote one of the best criticisms 
I have yet seen on the subject: “Its (aluminum) diffusion, 
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difficult extractibility and remarkable properties seem to 
have appealed especially to that class of persons whose 
imaginative powers are largely in excess of their intel- 
lectual faculties.”"* It is not my wish to try to belittle the 
peculiar and exceptionally valuable intrinsic, properties of 
aluminum, but at a time when so-called processes for its 
production are being devised and published by the score, it 
is proper that I should warn engineers and capitalists to be 
on their guard against charlatans who have invaded this field. 
There are a number of excellent processes which have been 
worked out in a scientific manner, such as Castner’s, Hall's, 
Bernard's, and several others, but the most of those we 
hear about in the newspapers are worthless catch-penny 
schemes of ignorant or designing people. 

Aluminum bronze usually gives the best results when 
the proportion cf its constituents are about ninety per cent. 
copper and ten per cent. aluminum. With small bars 
cast in sand, perhaps the best physical test results obtained 
were: elastic limit, 70,000 pounds per square inch; 
tensile strength, 95,000 pounds per square inch, with 
about ten per cent. elongation. With rolled bars much 
better results have been obtained, more particularly as 
regards elongation. The modulus of elasticity of aluminum 
bronze is about 18,000,000 pounds. Specific gravity when 
cast about 7°56,+ when rolled about 7°89.¢ 

It must not be forgotten, however, that these are des/ 
results, and that the average run of ten per cent. aluminum 
bronze will give results somewhat lower than these, and on 
analysis will very probably be found to contain less than ten 
per cent.aluminum. This latter fact, however, is only what 
might be expected if the ré/e which I have assigned to 
aluminum is the correct one. 

The following analysis of aluminum bronze was made 
from the material used for firing pins by the Colt Fire Arms 
Company, of Hartford,Conn. I am indebted for this analysis 

* Engineer, January 3, 1891, p. 1. 

+ Cowles Bros.’ alloys. 


t Hunt, 7rans. of the Am. Inst. of Mining Engineers, vol. xviii, p. 555. 
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and also for a number of others of different alloys, to Mr. 
James S. de Benneville, of Dr. F. A. Genth’s laboratory : 


7 
Per Cent. 
100°488 100° 396 


The silicon and iron were probably present as impurities 
in the aluminum. I cannot, however, account for the 
presence of the lead, phosphorus and arsenic. Very small 
amounts of lead, however, are sometimes found in commer- 
cial aluminum.* 

The structure of aluminum bronze is close and dense, 
and although generally supposed to be workable at a 
red heat as easily as wrought iron, such, according to com- 
petent authorities, is not the case.f It can, it is true, be 
wrought at a red heat, but according to Richards, it pos- 
sesses certain peculiarities at that temperature which must 
be strictly observed. 

The melting point of aluminum bronze varies somewhat 
with the amount of aluminum contained, the higher grades 
melting at a somewhat lower point than the lower grades. 
Aluminum bronze shrinks more than ordinary brass. As 
the metal solidifies rapidly, it is necessary to pour quickly 
and to have the feeders large. Care must be taken to 
avoid the oxidation of the liquid metal in transferring to 
mould. 

Aluminum bronze is applicable fora large number of 
purposes, such as blast-furnace tuyeres, various parts of 
marine engines, propellers, etc. Also for the firing pins of 
rifles, and parts of similar structures which are subjected 
to shocks, 


* Trans, of the Am. Inst. of Mining Engineers, vol. xviii, p. 530. 


+ Richards Aluminium, p. 429, Philadelphia, 1890. 
CXXXI 29 
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tf Aluminum Brass—Aluminum bronze when added to 
| ordinary brass greatly improves the brass in strength, 
Ri toughness and resistance to corrosion. According to 
ai Messrs. Cowles * “the greater the amount of aluminum bronze 
ai added to brass the harder and stronger the brass becomes. 
Tests have been made where castings of aluminum brass 
4 have given as high as 96,000 pounds per square inch in 
tensile strength.” It will be observed the elongation is not 
- stated; it is not a difficult thing to make an alley of even 
greater tensile strength, but the elongation will probably 
be zz/, and the material so hard and brittle as to be 
ie worthless. Messrs. Cowles recommend aluminum brass 
ie for the following purposes :+ 

“Valve and valve-seats for mining pumps, or pumps 
working under great pressure, worms and worm-wheels, 
7 slide-faces, mining machinery, pinions, screws, hydraulic 
machinery, dredging machinery, gates for turbine wheels, 
working under a high head, propeller wheels, and as a 
metal to resist the action of salt water in marine archi- 
tecture. While aluminium brass is not quite as strong or 
as tough as the A grade bronze, yet it will answer nearly 
as well for many purposes that the bronze is used for.” 

Aluminum brass is stated to have great toughness, 
rigidity and strength. The ordinary grades have about 
85,000 pounds per square inch in tensile strength, with nine 
per cent. elongation. It is stated to be able to withstand a 
high temperature without loss of strength. 

Recently some interesting experiments were made in 
the department of aérial navigation at Chalais, Charente, 
France, which produced some surprising results.§ 

Alloys of the following composition were made and 
rolled into sheets one mm. thick; from these, strips five mm. 
in width were cut and tested. 


* Pamphlet on 7he Alloys of Aluminum and Silicon, p. 26. 


+ lbid., p. 25. 


{ Jron Age, May 2, 1889, p. 660. 


4 Engineer, January 2, 1891, p. 2. 
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Tenstle Strength 


Al. Cu. Sp. Gr. Sp. Gr. in Pounds per 
Per Cent. Per Cent. Calculated. Determined Square Inch. 
100 2°67 26,535 
98 2 2°78 2°71 43,563 
96 4 2°90 2°77 44,130 
94 6 3°02 2 “82 54,773 
g2 8 3°14 2°85 50,374 


An interesting peculiarity of these alloys is the large 
divergence between the specific gravities calculated from 
those of their constituents and the specific gravities directly 
determined. Each two per cent. of copper might be 
expected to raise the specific gravity by 0°12, whereas the 
actual observed increase is only about 0°05. 

It will also be observed that the addition of only two 
per cent. of copper increases the tensile strength from 26,535 
to 43,563 pounds per square inch, while six per cent. more 
than doubles it. Thusit appears that an alloy of aluminum 
having double the tensile strength of aluminum itself can 
be made which is less than one-twentieth heavier. 

Manganese Bronze.—This alloy has been used very exten- 
sively for casting propeller blades both in this country 
and abroad. The best results that I have yet seen obtained 
withit were the tests of some of the material made by Messrs. 
B. H. Cramp & Co., of Philadelphia. I have here a number 
of samples of this manganese bronze, which has been 
forged, rolled and hammered, both hot and cold. This 
material when cast in sand has an average elastic limit of 30,- 
ooo pounds per square inch, tensile strength of about 60,000 
pounds per square inch with an elongation of eight to ten per 
cent. When rolled the elastic limit is about 80,000 pounds per 
square inch, tensile strength 95,000 to 106,000 pounds per 
square inch, and an elongation of twelve to fifteen per cent. 
These results are obviously excellent, and it is hardly to be 
expected they could be uniformly obtained, as in ordinary 
every-day foundry practice sufficient care is not taken to 
obtain the very best results. They show us, however, that 
much may be expected of this alloy, and that aluminum 
bronze is not the only copper alloy which will give us over 
100,000 pounds per square inch in tensile strength. 
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For several years past, manganese bronze appears to 
have been made in large quantities by Mr. P. M. Parsons, 
of the Manganese Bronze Company, Deptford, England. 
Dr. Percy was probably the first to observe the action of the 
manganese in combining with the traces of cupreous oxide 
of copper present in the copper, deoxidizing the same, and 
thus making the metal denser and stronger. 

Mr. Parsons, I believe,adds the manganese in the form of 
ferro-manganese. <A portion of the manganese in the alloy 
thus added is utilized in the deoxidation above-mentioned, 
while the remainder, together with the iron, becomes perma- 
nently combined with the copper. The manganese once 
alloyed with the copper is not driven off by remelting, but 
usually the quality of the bronze is improved by a subse 
quent remelting.* 

The Manganese Bronze Company, of Deptford, England, 
roll and forge the alloy hot. According to Mr. Parsons,+ its 
mean tensile strength as delivered from the rolls is about 
67,200 pounds per square inch, with an elastic limit of 
49,000 to 51,000 pounds per square inch, and an elongation 
of from twenty-three to twenty-five per cent. In cold 
rolling its ultimate tensile strength rises to about 90,000 
pounds per square inch, with an elastic limit of 67,200 to 
76,000 pounds per square inch, and an elongation of ten per 
cent. If annealed, the ultimate tensile strength is very 
little altered, but the elastic limit is reduced about half, 
and the elongation increased to thirty or thirty-five per 
cent. 

In order to arrive at the practical value of an alloy for 
engineering purposes, it is necessary not only that it should 
be subjected to actual use for a length of time, but it is also 


*It is interesting in this connection to find that about the year 1868, 
Messrs. Montefiore, Levi and Kiinzel, two Belgian chemists, made a number 
experiments with copper and manganese alloys, and from their results 
concluded such alloys to be useless. ‘“‘ They obtained great tensile strength 
and toughness with some of the compositions, but their ready oxidation at 
high temperatures made the qualities of the castings uncertain and impracti- 
cable.""—/ournal of the Society of Arts, May 7, 1877, p. 552. 


+ Engineering, April 20, 1888, p. 398. 
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necessary that all the strains and conditions under which it 
is used should be understood: as far as possible. Thus, for 
instance, in the matter of propeller blades, transverse 
strength has to be considered above tensile, as the first 
named is the strain to be more particularly provided against. 
In this strain two forces come into play, tension and com- 
pression, but neither of these, separately, gives any indica- 
tion of the transverse strength of the metal. 

The following tables of transverse tests will be found 
interesting in connection with what has preceded. Nos. 1 
and 2 were made at the works of Messrs. Maudsley, Sons & 
Field, by direction of the British Admiralty.* 

A bar of manganese bronze one inch square, laid on sup- 
ports twelve inches apart, required on an average about 5,000 
pounds, applied in the middle, to break or pull it through the 
supports, as against 2,500 pounds for gun metal. 

The above-mentioned bar of manganese bronze (Parsons’ 
No. 2) was made by Parsons’ method, at the Manganese 
Bronze Company's works, at Deptford, London. 

The Bronze of Nos. 3 and 4 was made at the works of 
Messrs. B. H. Cramp & Co., Philadelphia, and the tests at 
the New York Navy Yard.+ . 


* Engineering, April 20, 1888, p. 398. 


+ Private communication from Messrs. Cramp & Co. 
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MANGANESE Bronze. 


Resili. | Resiti- 
ence. 
Applied. | nent Set, Apphed. chain. | Bene Set. 
‘ 
pounds. inches. | inches, | inches. | pounds. | inches. inches, inches. 
1,000 “O45 | 1,000 | aim 
1,200 "06 O15 045 »200 
400 O4 | 1,400 06 
1,600 15 06 1,600 07 on 
' 
1,8co | 27 20 07 1,800 08 005 075 
2,000 | 46 38 08 2,000 ‘08 
| “75 65 10 »200 
2,4c0 1°08 } 97 2,400 > 
2,602 1°59 1°46 13 2,600 
| Supports, Perma- | 3,000 20 ‘075 125 
nent deflection, 354 
incline. 3,200 23 105 125 
3 400 28 140 140 
3,600 34 19 15 
3,800 4 26 1s 
4,009 “49 33 16 
4,200 “SQ 425 165 
A steel bar subsequently tested broke 4,qn0° 7 53 ag 
with 5,600 pounds, the total deflection 4,600 "81 "63 18 
i bout % inch. 
being about inc 4,800 96 = 
5,000 1°39 22 
5,200 1°7 1°47 23 


The following transverse tests of Cramp’s manganese 
bronze were from the pouring gate for the propeller hub of 


Fractured, permanent deflec- 
tion 3 3-16 inches, 


the U.S. S. Maine, Navy Yard, New York, May 16, 1890. 
Ten inches between supports. Loads applied on the 
centre. On specimen III the loads were applied and 
allowed to remain two minutes before the deflection was 
measured, after which the loads were removed and the 


recovery measured. 


The above operations were repeated 


a 
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with each load until 3,750 pounds were applied, when the 
deflection was so great as to allow the specimen to rest on 
the edges of the blocks, after which the recovery was not 
measured, and the load wags increased until the specimen 


broke. 


in position measured 10°562". Sec- 
tion of I1T by 1013”. 


Spec. Measured. Spec. Deflected, 


Lbs. 
Total 
On, Off. On. Off. 
500 10" 562 0035 none 


800 10°517 | 10°562 07045 | none 


| 10°509 30°562 | none 
Perm, set.) 
1,000 10°507 10°555 0°007 


1.300 | 10°484°! 10°545 
1,400 | 10°480 10°55 40 0°022 
1,600 | 10°460 | 10°532 o*102 0°030 
2,000 | 10°378 | 10°485 0°077 


2,200 | 10358 | 20°478 | 0°204 


6,300 | | Broke. |) 
Loan. & 
= Ew 
Speci- 
men, | Maximum {$2 a 
| Total. Fibre L 
Strain. 
3 6,300 82,159 * 2°022 8°24 
4 6,450 84 530* 2°483 


* From formula f = 3 
2 


Specimen IV was tested, as shown in the table: 


IV, 
Placed in position measured 10°s62". Sec- 
tion of 1 007 by 


Loap. 


Spec. Measured. Spec. Deflected. 


On. Off. On, Off. 


1,150 10°56 0°055 0°026 


2,000 | 10°404 =10°523 07158 


2,500 10°247 10° 400 o'162 


3,000 g°918 10°083 o°644 


betw. 
sup'rts. 


F 
£2 
RemARkKs, 
= 2° 
52173 24°-07 


1°6279 28°--48’-30”" 


| 
wi. 
bh 
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Loa, | 
| Lbs. 
| Total. bh 
| 
| 
ik 
Bag 
| 
he 
is 
if 
Rit 
: | 
| Al 
| 
2,300 | 20°56 | 10°382 | 0°366 | 
2,750 | | 10.290 | 
3,500 | g'286 9°485 1°276 1°077 | 3,500 0°94 
| 
: 
6,400 8079 2°483 | 
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TENSILE TESTS—CRAMP’S MANGANESE BRONZE. 


Cast in Sand. 


Size RYE Tensile Strain, Limit of Elas- 
Area in Square Pounds per ticity in| Elongation. | Reduction 
Diameter. Inches. Square Inch.” Pounds per | Per Cent. of Area. 

Square Inch. | 
1 *631 “3127 60°154 33°579 12°5 
2 “7854 48"510 26°730 9°2 13°5 
“645 *32674 | 63°735 34°278 10°5 

| 
4 *4406 347040 18°7 
5 "6234 "30514 63°249 39°326 2°5 35 
6” 746 "4370 63°730 37°2.0 


Rolled Bars 


7 636 "317 106*056 82019 17" 
8 638 “3107 98"340 86°645 23°7 
"743 4336 93 200 59°960 
10 "744 "4347 85"410 64°870 20" 23°6 
u "634 “3187 L01°299 88°850 10°5 17°7 
12 “7927 94°250 87 150 86 


Compression tests of Cramps Manganese Bronse (cast i 
sand).—Tests were made at United States Navy Depart- 
ment from the metal in the pouring gate of propeller hub 
of U.S.S. Maine. These test pieces were cut from the 
specimens” which had already been tested to destruction 
under transverse stress, and the results are undoubtedly 
lower than would be shown by metal which had not been 
previously strained. 

The specimens were 1 inch high byo’7 x 0’7 inch in cross- 
section = o'49 square inch. 

Both specimens gave way by shearing, on a plane 
making an angle of nearly 45° with the direction of stress. 

Crushing Stress 


Load Applied. per Square Inch. 


A subsequent test on a specimen 1! x1Ix1 inch was 
made from a piece of the same pouring gate, but which 
had not been previously strained. Under stress of 150,000 


be 
} 
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pounds it was flattened to 0-72 inch high by about 1} x 
1¢ inches; but without rupture or any sign of distress, 
showing the interior to be homogeneous and without flaws.* 

Torsion tests of Cramp's Manganese Bronze (cast in sand).— 
The following is a copy of report to the Commandant of 
New York Navy Yard: 


Navy YARD, NEW York, February 14, 1889. 

Sik:—In obedience to your order of the 16th ultimo, a 
copy of which is hereto attached, we have tested for 
torsional strength two pieces of Vesuvius metal,t one rolled 
and one cast, and beg leave to report as follows: 

The test specimens were turned to the form shown in 
the sketch furnished by the Bureau, and reduced to three- 
fourths and fifteen-sixteenths inch diameter between fillets, 
respectively. 

The one cast while being reduced from one and one-fourth 
inches (diameter of the ends) to fifteen-sixteenths of an 
inch, developed a number of small blow-holes for the entire 
length between fillets. 

Some of these were nearly cleaned up by the finishing 
cut, while others were just developing, their depth varied 
from one-sixty-fourth to one-thirty-second of an inch. 

After being turned to their respective sizes, levers of 
forty-eight and eight inches, respectively, were keyed on 
each end. The test pieces were then put on the centres of 
a heavy lathe, the long lever towards the tail stock, and the 
short lever towards the face plate end, the small lever 
brought up against a lug on face plate which securely held 
the piece in position. 

A 7Z-bar was then bolted to the carriage of the lathe, 
about the centre of the long lever. A sliding plate, with a 
knife edge, working freely in a slot in the bar was brought 
up to the bottom side of the lever whilst in its horizontal 
position, the knife edge just touching it. This enabled the 
observer to sight between the knife edge and lever, and see 


* Private communication. 


+ Cramp’s manganese bronze. 
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that it was kept floating in a horizontal position for the 
required time. 

On the side of the lathe opposite to where the weight 
was applied, and while the lever was horizontal, a zero 
mark was made on the periphery of the face plate (diameter 
46°26 inches) squared from the carriage of the lathe. 

Before commencing test, 2°92 pounds was added to scale 
pan in order to bring the equivalent weight on end of lever 
up to ten pounds. 

The increments were then added and the lathe turned 
slawly by hand, just sufficiently to keep the lever horizontal, 
by means of the back gear; another mark was then made 
on the periphery. At the end of two minutes the load was 
removed and another mark was made, and so on, for each 
increment. 

When the amounts of torsion in the piece rolled was 
3,120 (F = 37,717), and in the piece cast 3,360 (¥ = 20,797) 
inch pounds, the lever in each case supporting the weight 
but a short time and then slowly settled down on the knife 
edge; the same condition prevailed for the subsequent 
moments until the breaking stress was reached. 

The elastic limit was not clearly defined, but the Board 
thinks that it occurred where the first permanent set showed 
itself, viz: in the piece rolled between moments of torsion 
1,440 and 1,680 (/ = 17,408 and F = 20,309"4), and in the piece 
cast between moments 1,920 and 2,400 (F= 11,884 and 
F = 14,855). 

The calculations in connection with the tests, together 
with diagram showing curves of torsion and permanent set, 
are hereto attached. 

Very respectfully, 
J. J. BARRY, P. A. Engineer, U.S.N. 
F. H. BAiLey, ?. A. Engineer, U.S_N. 
J. L. Woop, Engineer, U.SN. 
To the Commandant, 
Navy Yard, New York, N. Y. 

Commandant’s Office, Navy Yard, New York, approved 

February 15 1889. F. M. RAMSAY, 
Captain Commanding. 
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2 s | 6" | | San | 
A a 2 A f=) a 
| | 
| 
Vesuvius | » 
Cast. 
| 2 3 11-32 
3 qo 9-16 ° 
| 4] so | 2932 | 
! 60 | 6 
| 5 | 17-32 
= 
= 6| 7 | 278 134 
2 | 7| | 558 4 5-16 
| | 
8 go 9 9°16 8 1-16 
< 3 bee 
9 | 100 1458 13 
10 | 110 | 201-4 18 1-4 
| 
| 3 1 | 120 | 2613-16 9024 5-8 
12 | 130 | 341-8 31 9-16 
- 
13 | 140 | 421-16 39 5-16 
§ 
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The Directors of the Peninsular and Oriental Steamship 
Company some few years ago decided to fit one of their 
steamers with a set of manganese bronze blades, and in 
order to arrive at the correct value of the advantage of this 
metal over steel, it was decided to take off the steel 
blades that had been in use four years, the performance of 
which had been carefully noted, and replace them with bronze 
blades, cast by the Manganese Bronze Company, of Dept- 
ford, of the same diameter, pitch and area,and in every way 
duplicate, except thickness of material and fine cleavage 
edge. These blades were satisfactorily cast and fitted to 
the steamship Sa/aarat, from which the following results 
were obtained. 


Speed Coal per Day, Slip 

Knots. Tons iF Per Cent 
Steel Blades, . . . . . 12°31 638 2°828 


The advantages thus gained by the use of manganese 
bronze represent a saving of 700 tons of coal on the round 
voyage.* 

One of the great objections to the use of manganese 
bronze, or in fact any alloy except iron or steel, for the propel- 
lers of iron ships is on account of the galvanic action set up 
between the propeller and the stern-posts. This difficulty 
has in great measure been overcome by putting strips of 
rolled zinc round the propeller apertures in the stern frames. 

Manganese Bronse Tubes—A manganese bronze tube, 
similar to those used in hydraulic gun carriages, was recently 


subjected to a severe test by Armstrong, Mitchell & Co., ° 


England. The tube was 4’9 inches outside diameter, 0°3 
inch thick and 18 inches long. An internal pressure of 
4,000 pounds per square inch was applied without increase 
of outside diameter; 5,000 pounds pressure produced an 
enlargement of 0°03 inch; 6,000 pounds pressure increased 
the diameter oo8 inch. The testing pump could not go 
beyond this pressure, so the tube was turned off to an out- 
side diameter of 5°55 inches, leaving it 0°125 inch in thick- 
ness. A pressure per square inch of 1,000 pounds produced 


* Trans. of the Institution of Naval Architects, 1888, pp. 378, 379- 
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no change of diameter; 2,000 pounds pressure inereased 
the diameter o"1 inch; 2,500 pounds pressure burst the tube. 
Two longitudinal specimens were taken from the tube and 
tested fortensile strength. They gave an ultimate strength 
of 31°5 tons (70,56c pounds) per square inch and a stretch of 
274 per cent. in 3 inches. Some of the advantages claimed 
for tubes made from this metal are freedom from the pitting 
and corrosion experienced with steel, and a strength when 
annealed double that of the best copper. For the same 
strength manganese bronze tubes weigh about one-half that 
of copper or brass,and cost about one-third less per running 
foot.* 

Parsons makes five grades of manganese bronze, the first 
of these is used wherever strength is wanted, the fourth 
and fifth only for anti-friction purposes. 

No. 1 is the only grade which cannot be cast in 
sand. It is used entirely in the forged, rolled and drawn 
condition. The ingots for this purpose are cast in chill 
moulds in the usual manner. As manganese bronze is but 
very slightly affected by the corrosive action of impure 
water, this grade is well adapted for propeller studs, piston 
rods, centrifugal pump spindles, etc. It isalso well adapted 
for stampings of all kinds and for bolts of different sizes. 

Parsons’ manganese bronze No. 2 is designed for pur- 
poses where strength and toughness are required, but in 
which the form of the article necessitates casting, such as 
propeller blades, cylinders for ordnance, hydraulic rams, 
gun-mountings, etc. 

The strength of No. 2 Parsons’ manganese bronze cast in 
sand averages about as follows: elastic limit, 35,000 to 
43,000 pounds per square inch; tensile strength, 63,000 to 
75,000 pounds per square inch; elongation, from thirteen 
to twenty-two per cent. in five inches. 

The following analysis of this No. 2 bronze was made 
from a chip off of the propeller of Mr. W. K. Vanderbilt's 
yacht Alva.t 


* Engineering and Mining Journa/, January 31, 1891, p. 146. 


+ This analysis was made by Mr. James S. DeBenneville, in Dr. Genth’'s 
laboratory. 
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99°929 


It will be observed there is no manganese present and 
the amount of zinc is very small. I have a number of ana- 
lyses of different kinds of manganese bronze, and I note 
the presence of very small amounts of phosphorus in all. I 
am unable to account for its presence, unless it was origi- 
nally in the pig copper. 

Tests of transverse strength by impact of this grade 
(No. 2) of manganese bronze, of gun metal and of steel are as 
follows: The impact tests were made bya weight of fifty 
pounds falling on the middle of the bar from a height of 
five feet, the bar resting on supports twelve inches apart. 

The manganese bronze broke with thirteen to seventeen 
blows, the deflection at the eighth blow averaging 3°60 
inches. 

The gun metal broke with seven to eight blows, the 
deflection after the fifth blow averaging 3°65 inches. 

The steel broke with three blows, deflection 0°66 inches.* 
The quality of steel is not stated. 

The gun-metal bars were cast by Messrs. Maudsley, Sons 
& Field, of the strongest mixture that could be obtained. 
The steel bars were cut from the thin end of a propeller 
blade. It will be seen from the transverse experiments 
previously given that the manganese bronze has about 
twice the strength of the gunmetal. It required one ton 
to give the manganese bronze bars a permanent set of ‘ol 
inch in twelve inches, whereas the gun-metal took a set of 
o'15inch with twelve hundredweight. It willaiso be observed 
that its resilience is about the same proportion, viz: nearly 
twice that of gunmetal. It should be observed that 
although the steel bar required 2,000 pounds more to break 
it by steady pressure than the manganese bronze bar, it 


* Parsons’ Manganese Bronze Catalogue, 24 ed., p. 41. 
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was a long way behind when tested by impact, the work 
done in breaking the latter being much more than in the 
former.* 

In Figs. 7, 2 and 3, we have shown several manganese 
bronze propellers cast by Messrs. Cramp. They were 
hammered and bent cold under a steam hammer to test 
the ductility of the metal. 


COPPER-ZINC-IRON ALLOYS. 


Delta Metal—This alloy, which was formerly known as 
sterro-metal,+ is composed of about sixty parts of copper, 


‘from thirty-four to forty-four of zinc, from two to four of 


iron, and from one to two of tin. 

The peculiarity of all these alloys is the content of iron 
which appears to have the property of increasing their 
strength to an unusual degree.g In making delta metal 


I Il. 
Perv Cent, Per Cent. 


the iron is previously alloyed with zinc in known and definite 
proportions. When ordinary wrought iron is introduced into 
molten zinc, the latter readily dissolves or absorbs the 
former, and will take it up to the extent of about five per 


_cent.or more. Byadding the zinc-iron alloy thus obtained to 


the requisite amount of copper, it is possible to introduce any 
definite quantity of iron up to five per cent. into the copper 


* Parsons’ Manganese Bronze Catalogue, 2d ed., p. 41. 

+ Percy's Metallurgy of Iron and Steel, p. 157. 

{ What is known as Aich’s metal is practically the same thing. 

2 Delta metal appears to be a patented compound, but as it is exactly the same 
composition as sterro-metal which was introduced many years ago by Baron 
Rosthorn, of Vienna, it is difficult to see upon what patentable claim it can 
be based. Percy mentions at length sterro-metal and similar alloys in his 
Metallurgy of lron and Steel, published in 1864. I find Delta metal 
was patented by Dick, in 1882. (British Patent, No 2,484, 1882, amended 
December, 1889). According to the specification the alloy may or may not 
contain tin, and it may have the variable composition indicated above. 
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alloy. Hiorns* states that the inventor (Mr. Dick) 
uses a small amount of phosphorus in combination with 
the copper to avoid the oxidation when the alloy is remelted. 
In some cases he uses tin, manganese and lead to impart 
special properties.. The inventor claims that by his process 
the iron is chemically combined in the brass and bronze. 
The advantages claimed for delta metal are great 
strength and toughness. It produces sound castings of 
close grain. It can be rolled and forged hot, and can 
stand a certain amount of drawing and hammering when 
cold. It takes a high polish, and when exposed to the 


- atmosphere tarnishes less than brass. 


When cast in sand delta metal has a tensile strength of 
about 45,000 pounds per square inch, and about ten per 
cent. elongation; when rolled, tensile strength of 60,000 to 
75,000 pounds per square inch, elongation from nine to seven- 
teen per cent. on bars 1°128 inch in diameter and 1 inch 
area.t 

Wallace gives the ultimate tensile strength 33,600 to 51,520 
pounds per square inch, with from ten to twenty per cent. 
elongation. 

In fig. 4, we have shown a composite propeller blade made 
by the Delta Metal Company, London. It consists of 
annealed cast steel, upon which is cast a comparatively thin 
outer coating of delta metal or bronze. It is claimed that in 
casting the delta metal on the steel the former becomes to a 
certain extent chilled, and then has its ultimate tenacity 
considerably increased. This combination is claimed to give 
the blade great strength to resist cross-breaking. It is stated 
that the adhesion of the brass to the surface of the steel has 
been found by actual tensile test to be about fifteen tons per 
square inch. The core is formed with a flange through 
which studs holding the blade to the boss pass, and the 
delta metal is dove-tailed with the steel in casting in such 
a way as to give great strength to resist fracture through 


* Mixed Metals, p.115. Macmillan & Co., London. 1890. 
+ Jron (London), vol. 21, 1883, p. 159. 
t Zrans, of the Institution of Naval Architects, 1888, ps 371. 
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the stud holes in the flange. To prevent any slight galvan- 
ized action taking place between the delta metal and the 
steel at the line of contact on the face of the flange and in 


the stud holes, there is used an insulating material which 
can readily be applied.* 


Fic. 4. Composite propeller blade of delta metal and steel. 


Delta metal can be forged, stamped and rolled hot. It 
must be forged at a dark cherry red heat, and care taken 
to avoid striking when at a black heat. 


* Jron (London), July 25, 1890, p. 72. 
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According to Lloyd’s Proving House tests, made at 
Cardiff, December 20, 1887, a half-inch delta metal rolled bar 
gave a tensile strength of 88,400 pounds per square inch, 
with an elongation of thirty per cent. in three inches. The 
Schweizerische Bauzeitung states that the large worm wheels 
for the Pilatus Mountain Railway were cast in delta 
metal by the Schweizerische Locomotivfabrik in Winterthur. 
A test bar was cast with each piece, these bars were then 
tested with the following results: tensile strength 36°6 kgs. 
per square mm., or 51,520 pounds per square inch; elongation, 


10°5 per cent.* 
[Zo be continued.| 


RIVETED JOINTS tn BOILER-SHELLS—LE VAN. 


The Publication Committee wishes to state, to the 
readers of the /ourna/, that Mr. Le Van has written to it, 
expressing regret at his inadvertence in not acknowledging 
the sources of parts of his article on “ Riveted Joints in 
Boiler Shells,” which appeared in the April and May impres- 
sions of this journal. 


* Engineering, April 22, 1887, p. 382. 
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PROCEEDINGS 
CHEMICAL SECTION 


FRANKLIN INSTITUTE. 


[Proceedings of the stated meeting, held Tuesday, May 19, 1891.] 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, May 19, 


Dr. WM. H. GREENE, Vice-President, in the chair. 


Sixteen members and seven visitors were present. 

Dr. W. P. Mason, of the Rensselaer Polytechnic Institute, of Troy, 
N. Y., read a paper on, “ Drinking Water and Disease."’ It was referred for 
publication. A discussion of the paper, which was of much interest, followed, 
and was conducted by the author and Messrs. Pemberton, Jayne and Haines. 

Mr. Pemberton called attention to the conditions of the water supply of 
Chester and discussed the - ffect of Philadelphia sewage upon it. 

Dr. Bruno Terne presented a paper on ‘“ Meat Preservatives,”’ giving a 
discussion of the ingredients and their effects upon the human system when 
present in meat used as food. 

The paper was discussed by the author and Mr. Haines, 

Adjourned. Ws. C, Day, Secretary. 


On THE AMMONIA PROCESS or WATER ANALYSIS. 


By REUBEN HAINES. 


[ Read at the stated meeting, held April 21, 1891.) 


Two forms of this process are in use, one dealing with 
a half litre or a full litre of the water; the other requiring 
only 100 cc. for the distillation. The writer prefers the 
former, although some chemists find the latter fully as 
accurate and more convenient. 

The following notes indicate the practice of the writer 
for a number of years, in addition to the instructions given 
by Wanklyn. 

The amount of sample used is one-half litre, or, in 
some very impure waters, a less quantity of the sample 
diluted to half a litre with pure distilled water. 
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The retort is of large size, having a capacity of from 
one-third to one-half gallon when completely filled, and is 
supported at the neck by a large retort-clamp upon a heavy 
iron stand. It should not be supported on a ring, unless 
wire gauze be interposed, as otherwise there is great 
danger of fracture of the retort. If a Bunsen burner with 
wire gauze is used close up beneath the retort with such a 
body of liquid there is still danger of fracture. 

The neck of the retort is inclined upward at an angle of 
about 25° and attached to a Liebig condenser having an 
inner tube of one inch diameter, by a short piece of wide 


‘rubber-tubing in such manner that the ends of the retort 


and condenser are in close contact and that as little 
rubber as possible is exposed to the action of the hot vapor. 
In lieu of this arrangement a few inches of the end of the 
retort-neck may be bent downward parallel with the con- 
denser, and be made to enter loosely within the glass con- 
censer tube; a short piece of rubber-tubing overlapping the 
connection. In either case, the rubber should be tied down 
to prevent leakage, but in such manner that the retort may 
readily be disconnected at the conclusion of the analysis. 
The rubber will have to be renewed after a time. The 
mode of connection recommended by Wanklyn has been 
shown by Dr. Smart, Mallet and others, to permit loss of 
ammonia by leakage. 

A rather rapid current of water should be maintained 
in the Liebig condenser. If this condenser alone is used, 
the current should be so rapid that the temperature of 
the water at the exit is not materially raised by the opera- 
tion if the water used has an original temperature of 
from 50° to 60° F. If the water is of higher temperature 
than this ice should be used for cooling it. A better plan 
is that adopted by the writer, which consists in attaching 
the lower end of the Liebig condenser as closely as 
possible to a glass vertical coil condenser of the Mohr 
pattern, of which the outer vessel is an inverted jar receiver 
(a large inverted bottle with the bottom cut off will do very 
well), into which broken ice may be placed, especially in 
hot weather. The glass tube forming the coil has an inside 
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diameter of about halfaninch. Beneath this second con- 
denser a short nearly horizontal tube, conducts the distillate 
to the Nessler glass out of reach of contaminating dust, 
ete., that might chance to fall from the vertical condenser. 
By having the retort sufficiently large, and by inclining 
its neck upward all danger of the permanganate being 
thrown over into the condenser is avoided. Risk of fracture 
is greatly lessened by the use of the retort clamp, and by the 
rod of the stand acting as a sort of spring to moderate the 
shock of bumping, and the retort may thus last in frequent 
usefora very longtime. One of mine lasted several years, 
but it became unavoidably weakened in time by the corro- 
sive action of the boiling alkaline liquid. By the above- 
described arrangement of the condensing apparatus, the 
distillate may be obtained it a given uniform temperature 
in all analyses in order to get uniform depths of color in 
the Nessler testing, a precaution to which some one has 
called attention. The risk of loss by imperfect condensa- 
tion of ammonia during regular distillation, or through the 
outrush of gusts of vapor produced by turbulent boiling 
is also avoided. The condensing tube should, on account 
of this latter circumstance, be of comparatively large 
diameter throughout its whole length. With the above 
arrangement I have not found any loss by imperfect con- 
densation, if the temperature of the distillates did not 
exceed 60° F. If a lower temperature than this is adopted, 
the distillates should be allowed to stand until they acquire 
a uniform temperature before applying the Nessler test. 
The arrangement I have adopted was suggested by 
reading the Report on Water Analysis, by Prof. Mallet, to 
the National Board of Health, 1882, in which this loss of 
ammonia occurring when Wanklyn’s instructions are fol- 
lowed is referred to, and a somewhat different arrangement 
suggested for avoiding it. In experiments with a known 
solution of ammonium chloride this loss was found by Dr. 
Smart to amount to an average of about seven per cent. 
of the whole amount that should have been obtained. It 
should, however, be noted that Mallet states that “ the tem- 
perature of the condensing water varied from 25° to 25°*5 C.” 
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which is a rather high temperature. In these experiments 
the current of water in the condenser was so rapid that its 
temperature was not sensibly raised by the process, even 
when fifty cc. of distillate were obtained in eight minutes. 
The distillates of fifty cc. each are received directly into the 
Nessler tubes marked at fifty cc., and the earlier portions 
may be Nesslerized while the distillation is progressing. 
Wanklyn advises to Nesslerize only the first distillate of fifty 
cc. free NH, and add to this one-third. In waters containing 
enormous amounts of free ammonia, however, it is better 
either to distil the whole of the free ammonia into a flask 
im one portion, dilute, and take an aliquot part for the 
Nessler test, or to follow Dr. Smart’s plan of Nesslerizing 
each successive distillate of fifty cc., previously diluting if 
necessary. Dr. Smart believes that the presence of urea in 
the water may be detected by peculiarities in the manner 
in which the free ammonia distils over in the successive 
portions. I have found that polluted waters containing 
enormous amounts of free ammonia such as to give a very 
deep color or a precipitate by the Nessler test in fifty cc. 
of the -riginal sample appear to yield four-fifths or five- 
sixths of the whole amount in the first portion of fifty cc. 
instead of three-fourths, as stated by Wanklyn. 

It is not advisable to put anything whatever, such as 
pieces of ignited pumice, tobacco pipe, etc., inside the retort 
to moderate the bumping, as suggested by some, there 
being too much danger of introducing thereby organic or 
ammoniacal impurity. The bumping can be controlled if 
necessary by lowering the flame and by tapping gently on 
the retort so as to produce a concentric wavy motion on the 
surface of the liquid, which will cause the steam to rise 
more regularly and in smaller bubbles. A Bunsen burner, 
giving a large flame, should be used. I prefer one having 
several jets, or a rose-burner, and place it quite close to the 
retort, without any intervening wire gauze. 

All the apparatus used for water analysis should be set 
aside exclusively for this purpose. Thorough washing of 
each article immediately before use is very essential. To 
be thought “clean enough ” is by no means sufficient. The 
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whole condensing apparatus set up ready for use, but dis- 
connected from the retort, can be satisfactorily washed by 
flushing it thoroughly two or three times with clean hydrant 
water, closing the outlet by the finger or a clean cork until 
the condenser tube is full and then allowing the water to 
run out. This method of washing is much better than 
distilling some clean water through it as advised by some. 
The retort should be rinsed with a little concentrated 
sulphuric acid and washed thoroughly with clean tap 
water, and then immediately connected with the condenser. 

The above form of apparatus may be considered by some 
to be cumbrous and to occupy too much space, yet I think it 
possesses certain real advantages which offset these objec- 
tions. 

The alkaline permanganate solution can readily be pre- 
pared so pure that one litre of it undiluted yields by distilla- 
tion not more than 0°005 milligrammes NH, and that no more 
ammonia develops in it afterward if properly protected. I 
have been using for more than ten years solutions prepared 
to this degree of purity, made up in quantities of one litre, 
which have kept well. The preparation is accomplished by 
using only very good distiHed water formaking up the solu- 
tion, and by not permitting the sticks of caustic potash 
(ordinary white sticks) to come in contact with any kind of 
organic substance in handling and weighing it out. The 
mixed solution is diluted to one and one-half litres and 
distilled in a large retort, slowly, until about goo cc. remain, 
and then 50 cc. are tested with Nessler solution. If pure, 
the solution is transferred when cold to a litre flask and 
made up to the mark with perfectly pure distilled water, 
made free from ammonia and organic matter by distillation 
with some solution of alkaline permanganate of potash. I 
found that if river water from a hydrant was used in 
making the solution it was very difficult to obtain a solution 
perfectly free from ammonia, even after very protracted 
slow boiling. If an impure solution is used, and a correction 
applied for the impurity it contains, it will be found that 
the results of analysis are thereby subjected to error. I 
strongly suspect that errors from that cause did occur in 


= 


; 

i} 
if 
yin 

ag 
wi 
| 
au 
a 
i 

“a 
| 


466 Chemical Section. . {J. F.1., 


some of my earliest analyses many years ago. Liability 
to error from this cause has been noticed also by others. 
Wanklyn, I think, never applied a correction for impurity, 
but always prepared the solution free from NH,, if I under- 
stand rightly a certain discussion which took place in the 
early history of the process. Yet Dr. Tidy, in 1879, declared 
the preparation of a solution of alkaline permanganate, free 
from ammonia, to be impossible, and said that he always 
had to make a correction for the ammonia he found it to 
contpin. This was one of the several objections that were 
strongly urged against the ammonia process of analysis. On 
the other hand, Prof. Mallet states, in his Report to the 
National Board of Health, 1882, that Dr. Smart in the 
investigations for that report made up his solution with 
good distilled water, and after the requisite boiling “it 
gave no coloration with Nessler reagent in fifty cc. distilled 
off from one-half litre.” 

Care should always be taken to rinse off the stoppered 
mouth of the bottle containing the permanganate solution 
both immediately before and after use, notwithstanding it 
may have been carefully protected from laboratory vapors,etc. 

The rate at which both the free and albuminoid ammo- 
nia is evolved often affords valuable information as to the 
character of the organic matter contained in the water, and 
therefore the details of the separate Nessler testings should 
be preserved for reference. If, as sometimes happens, a 
peculiar odor is noticeable in the free ammonia distillate it 
may be presumed to be due to the volatile organic matter 
which has passed over with the free ammonia, but which 
will probably not produce a reaction with the Nessler test 
solution and be lost to the analysis. In this case a second 
distillation with alkaline permanganate added at first should 
be made with a fresh portion of the sample, thus obtaining 
the total ammonia, the free and albuminoid coming over 
together. If the amount of total ammonia is. sensibly 
larger than the sum of the free and albuminoid obtained 
in the first distillation, the difference may be assumed to 
be ammonia from volatile organic matter. 

From my own experience during about eight years, in 
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which I have very frequently repeated the distillaton in the 
above manner, I am led to believe that the occurrence of a 
volatile organic substance in well waters is at least a 
comparatively rare circumstance. The test is, however, a 
useful check upon the accuracy of the analysis. The same 
proportions should be adhered to in the second as in the 
first distillation as regards the alkaline permanganate and 
the quantity of water operated upon. 

Prof. Remsen found, however, in 1881 a striking instance 
of the presence of volatile organic matter, which failed to 
be estimated by the ordinary method of procedure in his 
investigations into the Water Supply of Baltimore. Soon 
afterwards, Mr. Chas. W. Marsh, then at Princeton, published 
a paper, in the Amer. Chem. Journal, giving a number of 
instances of similar nature in well and cistern waters which 
he had examined. The possibility of this occurrence should 
therefore be recognized and provision made for the esti- 
mation of the volatile organic substance. 


ANALYSIS or an ARTESIAN WELL WATER. 


By REUBEN HAINES. 


[Read at the stated meeting, held April 21, 1891.| 


The well from which the water is derived, of which an 
analysis is here given, is situated in a closely built-up por- 
tion of Germantown. It was sunk in 1875 to the depth of 
312 feet, mostly through soft rock which was probably a 
micaceous schist. I was informed that about half-way 
down a stratum was entered which carried large quantities 
of iron garnets, similar to those found in the surface rock 
and washings at Wayne Junction. At the bottom a cavity 
in the rock was apparently entered, for a portion of the drill- 
ing apparatus suddenly dropped, and, falling to one side, 
was lost and never recovered. 

The rock was first struck at. about eight feet from the 
surface of the ground. The water rose to a level of about 
thirteen feet below the surface, and the average flow by 
pumping has since been forty gallons per minute, without 
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lowering the water level materially. A continuous tube of 
plain wrought iron, about six inches in diameter, extends to 
within a few feet of the bottom. 

The water was stated to have been originally of satisfac- 
tory character for steam purposes, although hard and unsuited 
to some technical uses. 

In 1877, the writer made an analysis for its potable quali- 
ties with the following results: 


Parts tn 100,000. 


Albuminoid ammonia,. .... . "0040 
Total solid matter at 100° C., . . . 30°00 


16°°8 { parts CaCO, in 100,000 


by soap test. 


The water has since that time deteriorated so much in 
quality that it is now seldom used, but pumped every few 
weeks only to keep it clear of sediment for use in case of fire. 
It has astrong corrosive action on the iron tube, so that after 
remaining in it for several weeks it becomes exceedingly 
thick and turbid with iron oxide. It was in this turbid con- 
dition when the writer took a sample for analysis a few 
months ago, and it was only partially cleared of sediment 
after pumping rapidly for more than an hour. 

The following are the results of analysis for potability 
after the abundant iron oxide was allowed to settle out from 
which the water was decanted, but not filtered for the deter- 
mination of the free and albuminoid ammonia. For the 
other parts of the analysis the water was filtered. ; 


Parts in 100,000. 


Organic and volatile matter by ignition,. . .... . 5°94 
Temporary hardness by Hehner’s method, .... . CaCO, 
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The following are the results of analysis of the mineral 
ingredients : 
Parts in Grains per 
100,000. U. S. Gal. 
Organic matter, H,O, etc., after deducting 
Sor tons of CO,, efc., 2°g22 
These constituents are probably combined in the follow- 
ing manner: 
Parts in Grains per 
100,000. U. S. Gal. 
Ammonium nitrate, .......... "180 "105 
17°777 10. 367 
Magnesium sulphate, ......... 3°62 2113 
Magnesium carbonate, ........ 8°887 5°183 
Silica, ferric oxide, alumina, ..... . 2°250 I°312 
Organic matter, water of hydration, etc., . 5010 2°g22 
54°442 31°748 


The Na,O was not estimated directly but calculated from 
the difference between the weighed solids converted into 
sulphates, and the CaO and MgO calculated as sulphate 
together with the SiO,, Fe,O, and A1,O,. 

The test for hardness was made in the first analysis by 
the soap solution according to Clark, and in the recent 
analysis by Hehner’s method which is much more accurate, 
especially in presence of magnesium salts. 

The points of interest in regard to this well water are the 
increase of total solids and of hardness in a deep well water, 


and also the fact of its being so actively corrosive of iron in 
the cold. 
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SUPPLEMENT to THE DETERMINATION oF THE 
HEAT or EVAPORATION, eEtc., or LIQUID 
AMMONIA.* 


By Dr. HANS VON STROMBECK. 


[Presented at the stated meeting of the Chemical Section, held Jan. 19, 1891.) 


In vol. cxxx, No, 780 (December, 1890), of this journal, I 
gave the figures and authentic proofs for the heat of 
evaporation, etc., of liquid ammonia. The latter agreed 
well enough with one another for the purpose for which those 
tests were made, “to prove once more that about 500 and not 
goo English thermal units were the true figures for the 
latent heat of liquid ammonia,” but they do not agree 
well enough if considered from the scientific point of view. I, 
therefore, determined the latent heat of liquid ammonia by 
another series of twelve tests, the results of which I give in 
the following : 

I made the tests and the calculations in the same manner 
as described in the number of this paper above-mentioned, 
but made the following alterations: 

I weighed the water filled into the calorimeters instead of 
measuring it. 


~ 


i I placed each calorimeter in a box by itself, so that they 
: were separated by a narrow stratum (about one-half inch) of 
4 external air. By this I intended to lessen the influence of 
; the first calorimeter on the second one, but the figures 
2 afterwards showed that this intention was fulfilled to but 


a limited extent. 

I took as much ammonia as with safety could be put in 
tank /KZ, and I made the first calorimeter ABCD 
smaller, so as to have to take less water. 

I placed two thermometers in the first calorimeter, one 
reading from 28 to 18°, the other from 20 to 11°. 

I placed an agitator in the second calorimeter. Though 
this makes the handling of the apparatus still more compli- 


* From the laboratory of the De La Vergne Refrigerating Machine Co. 
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cated; the agitator cannot be dispensed with, as only in this 
manner the true figures of the temperature prevailing in the 
second calorimeter can be obtained. 

I determined the influence of the external surroundings in 
another manner from that ofthe former tests. In those, I fol- 
lowed the method used by Regnault, which requires the simul- 
taneous reading of three thermometers at the end of every 
minute. In order to be made exact, these readings re- 
quire three skilled observers, whom I had not at my dis- 
posal when I made the former tests, nor at present, and I 
attribute the discrepancy of the figures of my former tests 
mostly to my having been compelled to have the readings 
of two thermometers made by unskilled persons. 1, there- 
fore, determined the external influence this time in the fol- 
lowing manner, whith, theoretically, is not quite as exact 
as the one used by Regnault, but the errors of which are 
within the limit of the inevitable errors of observation, 
as I shall show by two examples, which follow. 


DETERMINATION OF THE INFLUENCE OF THE EXTERNAL 
SURROUNDINGS ON THE TEMPERATURE OF THE 
CALORIMETERS. 

I shall add to each item the figure obtained in the first 
test. As soon as, at the end of the test, the thermometer in 
the first calorimeter stops going down, the time m (42’) 
elapsed since the commencement of the test and the 
temperatures indicated by the thermometer in the first 
calorimeter 7), (14°°79), by the thermometer in the second 
calorimeter 7t,, (22°°75), by the thermometer in the air 
J,, (21°10), are noted down. After m minutes (10’) have 
elapsed, the temperatures indicated by the three thermome- 
ters 7, (14°°96), z, (22°°38) #, (21°°06) are again noted down. 
From these figures the heating or cooling effect of the 
external surroundings on the first calorimeter (— 0° 221) 
and on the second calorimeter 4, (0°°963) can be calculated. 

(1)d: The temperature of the first calorimeter is influ- 
enced by the temperature of the air and by that of the 
second calorimeter. But we may neglect the influence of 
the latter, its temperature being only little different from 
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the temperature of the air. During the z minutes (10’) the 
first calorimeter was heated up by 7,, — 7, degrees (— 0°17), 
the difference between the average temperature of the first 
calorimeter 


and the average temperature of the air 


+o 
n (21° 08) 


being — 6°20. During the m minutes (42’) the difference 
between the average temperature of the first calorimeter 


T+ 


(19°°595) 
and the average temperature of the air 


+ ( 


21°52) 


having been only — 1°'925, we obtain: 


O17). 42. (— 1°925, 
10 . (—6°20) 

(2) d,: The temperature of the second calorimeter is 
influenced by the temperature of the air and that of the 
first calorimeter. During the ~ minutes (10’) the second 
calorimeter was cooled down by t,, —t, degrees (0°°37), its 
average temperature being 

Tm Th (22°565). 


As the average temperature of the external surroundings is 
expressed by the average of the mean temperatures of the 
first calorimeter and of the air, 7. ¢., by 


4 Tn + Bon +4, i= 17°98, 


the difference prevailing during the ~ minutes is 22°565 
— 17°98 = 4°°585. During the m minutes (42’) the differ- 
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ence between the average temperature of the second calori- 
meter 

tT + Tm 
(23°°40) 


and the average temperature of the external surroundings 


T+ Tn + 


= 20558 


having been only 23°40 — 20°558 = 2°°842, we obtain 


— 37-42. 2°°842 = 0°'963. 
10. 4°585 

To make sure that the value obtained for 0, was the true 
expression for the external influence on the second calori- 
meter, I placed the first calorimeter 4 ACD with its appur- 
tenances in the reverse position of that in the engraving 
on p. 473 (this journal, December, 1890); that is to say, so 
that the ammonia directly evaporated into the atmosphere, 
and operated exactly as I did, when determining the latent 
heat of liquid ammonia. Allchanges of temperature in the 
second calorimeter could therefore only be caused by the 
influence of the temperature of the first calorimeter and of 
the air. Making observations and calculations as above, we 
obtain one value for 6, = t—+,, indicated by the thermome- 
ter, another value by calculation. If the letters have the 
same meaning as indicated, and the observations give: 
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2. 

tit 

2 
we have 0, by observation,. - - - - 0° 49 
we have 0, by calculation, ---- - 0° 289 0° 470 


If, in the following table, 


ye = the weight of the first calorimeter and 
its appurtenances; 
o = the specific heat of the metal (brass) 
of which it was made; 
feo = its value in water; 
f4 4, = the value in water of the two ther- 
mometers ; 
w = the weight of the water filled into the 
first calorimeter; 
M=o-+ pot 
~ T = the tension of the ammonia vapor at 
~ 7, = the tension of the ammonia vapor at 


+ 7m — the tension of the ammonia vapor at 
T+ Tn. 
m == the number of minutes which the test 
lasted. 
7 = the temperature of the first calorimeter 
at the commencement of the test; 
T,, = the temperature of the first calorimeter 
at the end of the test; 


= the average of both temperatures; 


# = the temperature of the air at the com- 
mencement of the test; 
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%,, = the temperature of the air at the end 
of the test ; 


——_™ = the average of both temperatures ; 


n = the number of minutes during which 
observations were made for the de- 
termination of and respectively ; 

7, = the temperature of the first calorimeter 
at the end of the 7 minutes; 
7m— 7, = the fraction of a degree by which the 
temperature of the first calorimeter 
changed during the 7 minutes; 


= the average of both temperatures ; 


J, = the temperature of the air at the end 
of the minutes; 


= the average of both temperatures ; 


0 = the fraction of a degree which is to be 
added to or subtracted from 7,, so as 
to obtain the temperature ; 

7,,4 8 which the first calorimeter would have 
had if no external influence had 
taken place ; 

7 —(7,, + 6) =the corrected number of degrees by 
which the first calorimeter was 
cooled down ; 

M(|(T—(T, + 6)| = the loss of heat undergone by the first 

calorimeter; 
ft, = the weight of the second calorimeter 
and its appurtenances ; 
‘= its value in water; 
4, , = the value in water of the thermometer; 
w, = the weight of water filled into the 
second calorimeter ; 
M, = + 
t = the temperature of the second calori- 
meter at the commencement of the 
test ; 
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Tm = the temperature of the second calori- 
meter at the end of the test; 


= the average of both temperatures ; 


t, = the temperature of the second calori- 
meter at the end of the ” minutes; 

Tm — T, = the fraction of a degree by which the 

temperature of the second calori- 

meter changed during the z minutes; 


= the average of both temperatures ; 


d, = the number of degrees which is to be 
added to r,, so as to obtain the tem- 
perature: 

Tm + 9, which the second calorimeter would 
have had if no external influence had 
taken place; 

+ 0,) = the corrected number of degrees by 
which the second calorimeter was 
cooled down; 

M,(t— (tm + = the loss of heat undergone by the 

second calorimeter; 


P+ tt te the difference between the average 


. temperatures of both calorimeters ; 
and if the other letters have the same meaning as in my 
first article on this matter, we obtain from the tests and by 
calculation the figures given in the accompanying table: 
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>, == the temperature of the second calori- 
meter at the end of the test; 


™ — the average of both temperatures ; 


, == the temperature of the second calori- 
meter at the end of the minutes; 

t rt, — the fraction of a degree by which the 

temperature of the second calori- 

meter changed during the x minutes; 


7 ® — the average of both temperatures ; 


3, = the number of degrees which is to be 
added to r,, so as to obtain the tem- 
perature: 

0, which the second calorimeter would 
have had if no external influence had 
taken place; 

-(t 0,) = the corrected number of degrees by 
which the second calorimeter was 
cooled down ; 

-(f, 0)| = the loss of heat undergone by the 

second calorimeter ; 


-—— “™ — the difference between the average 
temperatures of both calorimeters; 
ie other letters have the same meaning as in my 
cle on this matter, we obtain from the tests and by 
ion the figures given in the accompanying table: 
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SECOND SERIES OF AUTHENTIC PROOFS FOR THE DETERMI 


2 3 5 
These values are the same in all r2 tests. 
5872 mm, 5859 6158 6254 645% 
i 
Ty 
~ . 
These*values are the same in all re tests 
M, 747°3 ars. 757 754°3 7 
{ - 
2 
0, 0°"963 0°561 775 0°903 
0 23°°713 22°861 22°585 24°663 
— 0°°337 — 0°289 — 0°355 — 0°437 - 


7 + Tin + Tm 


2 


T+ 7, 
M, (= — + + Pe —sts's — 533°9 —577°9 


M[T—-(Tm + 8)] + Mi -- (Fm + Co 


| 
| 
r= — — 298"1 — 295°6 — 293°2 


-i- 
= 
| 


gto64"8 


— 600'2 


— 4142271 


— 318°9 
— 42383°6 


— 297°0 


0809 


24°88 


— 0°431 


— 39363°0 


0°04 


— 47 
— 234°2 
— 799°2 
— 308"o 


— 40231°2 


— 


22°31 


3°398 


— 0°402 


— 3°60 


— 262°4 
9O7"4 
— 2537 
— 43397°7 


— 302°6 


19°t9 


— 


— 41258'2 


0°03 
— 4°6 
— 274°3 
— 264°8 


$389 


— 42380'0 


— 299°! 


— 286°3 
— 850°9 


626"4 


— 42293°3 


— 300°8 


282'0 
— BBo's 


— 26°2 


— 42352°1 


— 2978 


—o2 


6119 


— 298°6 


( Strombeck.) 


AVERAGE. 


6428 mm. or 124'5 lbs. absol. press 


6018 mm, or 115°7 Ibs. absol. press. 


17°69 Ceis. or 63°°84 Fahr. 


19°53 Cels. or 67°15 Fahr 


— 298'7 French or — 537°7 English thermal units. 


—2°2 Frenchor — 4’o English thermal units. 


— 296’5 French or — 533°7 English thermal units. 


RMINATION OF THE HEAT OF EVAPORATION, ETC., OF LIQUID AMMONIA. 

142° 135°5 144°6 143° 140° 140°5 142°2 145° | 

37210 3728"0 3725°0 37310 3752°0 3722" 3728"0 3715" 

8044 7856 7596 7514 7229 7316 7227 7219 ie? 
5813 5776 5445 5375 5291 5247 $150 

19°95 19°45 16°70 18°11 15°37 15°24 18°49 17°6 

1°30 21°26 20°47 20°40 *19°28 2 om 20°27 

10 10 10 10 10 1 10 ¥ pe 
16°81 16°62 15°00 14°52 13°64 14°12 13°7¢ 13°30 

20°88 20°73 20°12 19°30 20°52 19°30 19°80 > Pe 

16°73 10°504 14°754 14°335 13°393 1 13°492 12°542 
— 10°12 — 9°59 — 10°30 — 10°365 10°027 — — 10°188 10°5 

25"91 25°32 23°99 23°80 22°88 3°43 23°20 23°10 
24°34 24°08 22°83 22°50 21°64 21°88 21°76 Ps 
25°12 24°70 23°41 23°15 22°26 2°88 22°54 22°43 
23°93 23°74 22°53 22°12 21°26 1°93 21°48 21°38 ky as 
— 357°3 — 325°5 — 285"4 — 226°7 - 286°2 — 
3°3S — 3°40 — 3°47 — 3°81 401 — 3'90 
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On THE HEAT oF FORMATION or FLUORIDES. 


By Jos. W. RICHARDS. 


[ Read at the meeting of the Chemical Section, held April 21, 1891.| 


Until the heat of formation of some fluorine compound 
from itselements was known, it was manifestly impossible to 
determine the heat of formation of the fluorides. On the 
other hand, as soon as the heat of formation of any fluorine 
compound had been determined, that of any other fluorine 
compound could be deduced from this by the calorimetric 
measurement of a double reaction, in which the first com- 
pound took part and the second was produced. Many data 
of this latter kind had been accumulated before the funda- 
mental datum of the first kind was obtained, for the simple 
reason that free fluorine is required in order to determine 
primarily the heat of formation of a fluorine compound, 
while the double reactions referred to above only investi- 
gate the thermal differences between various fluorine com- 
pounds, and so do not require free fluorine. 

Guntz, in 1883,* published some data which he miscalled 
“Heats of Formation of Fluorides.” Under this caption he 
gives the following figures: 


The writer knows of at least one well-educated chemist 
who was misled by the manner in which Guntz gives these 
figures, into quoting 39’9 calories as the real heat of forma- 
tion of sodium fluoride. However, on examining Guntz’s 
paper in detail, we find that he neutralized the metallic 
hydrates in solution by aqueous hydrofluoric acid, and 
having determined the collateral data—the heat of solution 


* Comptes Rendus, 97, 1483, 1558; 98, 816. 
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of the hydrates, fluorides and hydrofluoric acid—he 
calculated the heat which would be developed if gaseous 
hydrofluoric acid acted on the solid hydrates, forming solid 
fluorides and solid water. These numbers he called the heats 
of formation of these fluorides, and they are the numbers 
given above. 

In 1884,* Guntz published a memoir on “Thermal 
Researches on the Combinations of Fluorine with Metals,” 
in which he gives the heats of neutralization of the hydrates 
of potassium, sodium, ammonium, calcium, strontium, 
barium, magnesium, lead and silver, in aqueous solution by 
hydrofluoricacid. Healso gives the heats of solution in water 
of the fluorides of potassium, sodium, ammonium, silver 
and antimony (the others being insoluble), and of gaseous 
and liquid hydrofluoric acid. With these data, it was possible 
for Guntz to calculate the absolute heat of formation of 
the above fluorides, expressing them as a certain excess 
above the heat of formation of gaseous hydrofluoric acid, 
which was an unknown quantity in all the equations. His 
results were as follows (calling the unknown quantity, 
[H, F], X): 

R (solid) -+ F (gas)== RF (solid) 


Ge KF 71°7 + X cal. 
85+xX 


Guntz even went so far as to make a guess as to what the 
value X might be, with a somewhat remarkable result. 
He argued that since chlorine gas does not decompose 
anhydrous potassium fluoride, the heat of formation of the 
latter must be superior to that of potassium chloride, which 
is 105°0 calories. Further, if the difference between these 
two numbers is assumed to be similar to that between the 


* Annales de Chimie et de Physique, (vi), 3, 5. 
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heats of formation of potassium chloride and bromide, we 
may add this difference to 1050 calories, and call the result 
the heat of formation of potassium fluoride, which can then 
be placed equal to 71'7 + X,and X evaluated. Guntz here 
makes two serious and almost incomprehensible blunders. 
There is absolutely no warrant for the above assumption, 
and it could be true only by the merest accident. Further, 
Guntz assumes the difference spoken of as 46 calories. 
Where this number comes from is incomprehensible, for 
the difference derived from Thomsen's data is 10°3, and the 
source of the number 4'6 is veiled in mystery. However, 
using this number, the value of X found was 37°5 calories. 
That this number was the true one could be possible only 
by the greatest chance, as it rested on a false assumption 
and the use of a wrong datum, yet by astrange fortuity this 
number is only o'1 calorie from the direct determination 
made five years later. Guntz deserves much credit for the 
work he did, but he can hardly claim any renown from this 
prediction. 

Two years later,* Moissan isolated fluorine, and found 
that it decomposed solid potassium chloride in the cold, dis- 
engaging chiorine, thus making it probable ina high degree 
that theheat of formation of potassium fluoride was greater 
than that of the chloride, that therefore 71°7 + X calories was 
greater than 105°6,and consequently X greater than 339 
calories. 

In 1889,+ Berthelot and Moissan succeeded in determin- 
ing, experimentally, the heat of formation of hydrofluoric 
acid. They found: 


H (gas) + F (gas) = HF (gas) + 37°6 calories. 


This was the key which unlocked the question of the 
heats of formation of the fluorides, for since Guntz had 
determined the heat of solution of hydrofluoric acid gas in 
water as 11°8 calories, the heat of formation of the fluorides 
in aqueous solution could then be calculated from the heats 


* Comptes Rendus, 102, 1543. 
+ Idem, 109, 209. 
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H of neutralization of the metallic hydrates by aqueous 
hydrofluoric acid. 
Ay In 1889 and 1830,* E. Petersen, of Copenhagen, did good 
f service in the line we are considering, by determining the 
} heats of neutralization of most of the metallic hydrates by 
hydrofluoric acid. 


ui The following table gives the data obtained by Guntz 
and Petersen : 


HEAT EVOLVED BY THE REACTION 


Q+2 HF aq. 
Q. Guntz, Petersen. 
| * Resulting fluoride precipitated. 
+ An excess of acid, 8 HF, had to be used, forming a fluorhydrate. 
Determined by Thomsen. 
f 2 Thomsen found the same value. 
: In order to use these data correctly, we must notice the 
* Zeitschrift fiir physikalische Chemie, 4, 385; &, 258. 
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fact of the insolubility of some of the fluorides. Petersen 
found that by working with very dilute solutions all the 
fluorides he tried were soluble excepting those of strontium, 
calcium, magnesium and lead. Guntz, for instance, found 
barium fluoride nearly insoluble, and gave his value asa 
close approximation to that for precipitated barium fluoride, 
while Petersen dissolved it in a large excess of water and 
obtained a result 2°50 calories lower, showing the heat of solu- 
tion of barium fluoride to be close to or a little less than 
2°50 calories. The heats of solution of the following fluor- 
ides have been determined : 


Potassium fluoride, + 3°6 cal. | 

Sodium —o6 Per formula 
Ammonium “ weight of salt 
Silver +34 “ | dissolved. 
Antimony “ —¢o * J 


For the above fluorides, then, we can calculate their 
heats of formation anhydrous as well as in aqueous solu- 
tion. Wecan do this, approximately, for barium fluoride 
also. For the insoluble fluorides their heat of formation in 
the solid state only can be found. For all the other fluorides 
we can calculate only their heat of formation in aqueous 
solution, and this only when we know the heat of formation 
of the metallic hydrate to start with. This latter factor is 
not known with respect to beryllium, chromic, manganic 
and vanadic hydrates. 

Starting with the data thus presented, the writer has 
calculated the heats of formation of those fluorides for 
which there is sufficient data, using generally the heats of 
formation of the hydrates as given by Thomsen. 


HEATS OF FORMATION OF FLUORIDES. 


Products Solid. Heat of Solution. Products Dissolved. 
[MF?} 


M. [ATF?, ag} [MF?, aq} 
219°44 — 1°20 218°24 


— 


~ 
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HEATS OF FORMATION OF FLUORIDES.—( Continued.) 
Products Solid. Heat of Solution. Products Dissolved. 


M. [MF ag) [MF%, aq] 
216°g0* — 
Mn 153°31 
Zn, 138°22 
Cd, — 121°72 
Fe, 125°22 
Co, 120° 34 
Ni 118°98 
Cu, 88°16 
100°71* 
Pb, 102°50* 
Ag? 44°14 + 68 50°94 


* Based va Guatz’s experiment. 
+ Based on Petersen's experiment, 


In the large diagram accompanying this paper, 1 have 
used the atomic weights of the elements as abscissas, and 
the heat of formation of their fluorides in aqueous solution 
as ordinates. The resultant connecting line, though 
fragmentary, shows very clearly the periodic variation of 
these heats of formation with the increase of atomic weight, 
dividing the elements into seven families corresponding to 
the seven families of the well-known classification of the 
elements by the Periodic Law. Mr. A. P. Laurie, in 1883,* 
arranged the chlorides in this way, and I have placed the chlor- 
ide line on the diagram as well as the line of the sulphates 
(the latter brought down fifty units for convenience in 
drawing the chart). An inspection of the diagram shows.a 
very near approach to parallelism in these three lines, the 
variations being hardly perceptible on the chart; but, if we 
tabulate the numerical differences between the heats of 
formation of these three classes of compounds, we will 
discern the irregularities more easily. We will only com- 


* Philosophical Magazine, 15, 41. 
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pare those elements for which we know the heats of forma- 
tion of the three salts, all in aqueous solution with the 
exception of those marked with a star. 


CHI ORIDES FROM FLUORIDES. FLUORIDES FROM SULPHATES 


Deviation from [MSO+,aqg| Deviation from 
M. mean difference. mean difference. 

+ 4°17 106°56 — 392 
— 0°20 11°22 + 0°74 
Ba — o'50 110°98 + 
+ 2°84 *106'g0 — 3°58 
Ca, *28°77 + 358 *106°55 — 392 
Mg. — 2°62 *113°16 + 268 
— 0°26 1C9Q'57 — og! 

Mn, 25°31 + O12 110 34 —ol4 
Zn, 25°38 + O19 110°27 — O'2! 
Cd, 25°47 + 110°56 + o'08 
Fe, 25°27 + 0.08 110°38 — oo 
Co, 25°52 + 0°33 110°13 — 0°35 
Ni, 25°28 + 110°37 
Cu, 016 110°30 —o18 
Mean v ) 

the insoluble fluorides 25°19 110°48 


and lithium, 


An inspection of this table shows us at once the irregu- 
larity in the case of the insoluble fluorides. Magnesium fluor- 
ide is 2°62 calories too low in one case and 2°68 in the other, 
or a mean of 2°65. It is therefore probable that when this 
fluoride precipitates from a solution it absorbs about 2°65 
calories, and that if it could be retained in a very dilute 
solution, its heat of formation would be 2°65 calories greater. 
Similarly, the heat of formation of calcium fluoride in 
aqueous solution might be about 3°75 calories, and of stron- 
tium fluoride 3°25 calories less that when the fluorides 
are precipitated. But what are we to say of lithium, that 
pattern of good behavior in all its other thermal relations ? 
Here is certainly an anomaly, whose explanation, I think, 
lies in the fact that lithium fluoride is the most nearly 
insoluble salt of lithium, and Petersen has either omitted 
to say that there was a precipitate in this case, or he has 
given usa wrong value for the reaction. We have very 
strong grounds for concluding that the true heat of forma- 
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tion of lithium fluoride in aqueous solution is about four 
calories less than the value which is deduced from Petersen's 
experiments on neutralization. The variations in the case 
of the other fluorides in the above table are so small that 
we may conclude that we know their true heat of formation 
within the limits of experimental error. 


THE DIAZOTYPE PROCESS or PHOTOGRAPHIC 
DYEING anv PRINTING. 


By JOHN CARBUTT. 


[ Communicated to the Chemical Section, April 21, 1891.) 


The subject I have the pleasure to bring before the 
Section this evening is the “Diazotype Process of Photo- 
graphic Dyeing and Printing,” the discovery of Mr. Arthur 
G. Green, of London. It is a new method of producing 
designs in fast colors on cotton, linen, silk, paper, etc., either 
from hand-drawn designs on a transparent or semi-trans- 
parent medium, or by use of a photographic transparency. 

It wag first made public at a meeting of the British 
Association for the Advancement of Science, held at Leeds 
last September. 

It is distinctly a positive process; that is, it yields a posi- 
tive from a positive. The operations are five in number, 
viz: dyeing, sensitizing, printing, developing and washing, 
corresponding very closely in number of operations required 
in preparing and printing on paper by the direct silver 
process of photographic printing. Primuline is the base of 
the new “diazotype,” and is already in extensive use for 
dyeing calico in various tints. 

Dyeing.—The first operation, then, is to dye our material 
with “primuline.” Todo this take 100 grains of “ primuline,” 
add to it twenty ounces of distilled water brought to a boil 
in a flask over a Bunsen burner; when dissolved, pour into 
a porcelain dish, and immerse the fabric, cotton cloth (the 
cotton must be free from dressing), or silk, and as soon as 
the pieces seem thoroughly impregnated with the dye, 


| 

| 

| — 

3 
| 
if 
| 
i} 

ig 

ig 
iq 


June, 1891.) Chemical Section. 485 


remove and rinse in plain water, and squeeze as dry as 
possible,or place between sheets of blotting paper. The 
fabric so prepared has a primrose hue, and so far is insensi- 
tive to light. 

Sensitizing.—The second operation, or sensitizing, is 
accomplished by immersing the dyed fabric in a solution 
formed of sodium nitrate sixty grains, cold water thirty- 
two ounces, oxalic acid 100 grains, previously dissolved in 
two ounces of water. Each piece is immersed separately 
and soaked for two or three minutes, it is then rinsed 
in water and dried. The color of the fabric should be of a 
reddish-yellow hue, and is sensitive to light; the operation 
should be performed in a weak light, and the pieces dried 
in the dark. | 

Printing.—Place in a printing frame a glass transparency, 
and place over it a diazotized fabric in contact, and expose 
to daylight ‘ten to twenty minutes, or sunlight four to seven 
minutes. The greater the contrast in the transparency, the 
greater will be the contrast in the finished print, the action 
of daylight being to decompose the azo derivative, and so 
prévent reaction with the “developers,” so-called, to be 
afterwards applied; but if we take a piece of the sensitive 
material that has not been exposed to light, and apply one 
or more of the developers, or, as a dyer would call it, a 
“mordant,” we at once develop the full tint or color by the 
action of that particular solution used. This I will now 
illustrate. 

Developing.—I have here a piece of porcelain coated with 
a solution of gelatine and primuline, and sensitized in the 
same bath as the cotton cloth. I now paint over one-fifth 
of its surface, consecutively, with each of the following five 
solutions or developers: 

No. I, as you see, develops a red color. 

No. 2 produces a yellow. 

No. 3 produces an orange. 

No. 4 produces a purple. 

No. § produces a dark brown or black. 

It only remains to well rinse this in water, when the 
colors will be found fixed and permanent. This demonstra- 
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tion will illustrate the possibility of producing the several 
colors on one and the same picture, as follows: Mix a 
portion of each developer with a thin starch paste, and, 
with a camel’s-hair pencil, paint over the parts wanted of 
a particular color, with the particular solution intended to 
supply that color, of course in a weak light, as the image is 
faintly visible after exposure under the transparency. 

The composition of the five developers just used is as 
follows —and it is only right to say here that I am indebted 
for the formule of these solutions to two photographic 
journals, 7he Britesh Journal of Photography and Anthony's 
Photographic Bulletin: 


DEVELOPERS. 


No. 


No. 2— Vellow. 
Crystallized carbolic acid, ............. §50 grains. 


Vo. 4—Purfl 


Transparencies on glass, and positives on celluloid and 
opal, can be produced as shown by the specimens I have 
here, and which can be inspected at the close of the 
meeting. 

The composition of the coating is as follows: 


Water (distilled). ..... 
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Put the gelatine to soak in six ounces of water,dissolve the 
primuline in twelve ounces of hot distilled water, and when 


dissolved add the gelatine and the chrome alum—dissolved in 
the remaining two ounces of water—filter through cotton, W 
and flow while warm on the glass or porcelain. When dry } 
immerse for two minutes in the sensitizing solution, wash at 
for five minutes and allow to dry in the dark. The opera- 
tion of printing and developing is the same as for prints, or ; 
cotton, etc. 
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PROCEEDINGS 
ELECTRICAL SECTION, 


FRANKLIN INSTITUTE. 


[Proceedings of the stated meeting of the Electrical Section, held Tuesday, 
May 5, 1891.) 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, May 5, 1891. 


Prof. Epwin J. Houston, President, in the chair. 


Present, forty-eight members and visitors. 

The minutes of the previous meeting were read and approved. 

The treasurer presented bills for printing and clerical work, which were 

ordered paid when approved. 

The committee on admissions reported four regular and ten associate 
members elected since last meeting. 

The committee appointed to consider the subject of re-wiring the Institute 
building, presented a report suggesting certain changes in the present wiring, 
and stating the cost at which they could be made. The report was accepted 
and referred to the board of managers. 

Three nominations to membership were referred to the committee on 
admissions. 

Mr. David Brooks presented a communication on ‘‘ The Value of Oil as 
an Insulator for High Voltage Currents," illustrated with some brilliant 
experiments. It was referred for publication. 

Prof. Henry Crew gave a description of ‘‘ Ewing's Theory of Induced 
Magnetism,” illustrated with a model made after his suggestions, and with 
charts of typical magnetic phenomena that may be explained on this hypo- 
thesis. The communication was discussed by Prof. Houston and Mr. Pike, 
and referred for publication. 

Mr. John Hoskin read a paper on ‘A Rough-and-Ready Dynamometer.”’ 
Referred for publication. 

There was considerable discussion on the contents of the Question-Box. 

The meeting then adjourned. L. F. RONDINELLA, Secrefary. 
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A ROUGH-AND-READY DYNAMOMETER For 
SMALL MOTORS. 


By JOHN HOSKIN. 


[ Read at the meeting of the Electrical Section, held May 5, 1891.) 


I have been requested to bring to your notice this even- 
ing a friction-brake dynamometer that is by no means new, 
but is one that is deserving of being more widely known by 
electricians than appears to be the case. ; 

Like the well-known Prony brake it acts as an absorption 
dynamometer; and without detracting from the acknowl- 
edged value of this instrument, especially for testing the 
value of large prime-movers, yet we need something more 
portable, more convenient to use, in the very numerous cases 
where it is desirable to test the efficiency of small motors. 

We need a rough-and-ready instrument that is portable, 
inexpensive, readily used, and at the same time reliable. 

This we find in a friction-brake dynamometer, one of the 
many modifications of those illustrated by Mr. William 
Worby Beaumont, in his paper on friction-brake dynamo- 
meters, read before the Institution of Civil Engineers in 
London, November 13, 1888, and published in 1889 in the 
Proceedings of the Institution. 

Its construction requires only the use of a leather belt 
with a spring balance attached to one end, and a suitabie 
weight atthe other. The belt is to be thrown over the belt 
pulley of the motor, the spring balance is fastened to the 
floor base, or support of the motor to be tested, and the 
weighted end hangs pendant on the side of the pulley which, 
when in motion, will tend to lift the weight. When the 
motor is at rest, the strain of the weight should be read off 
on the spring balance. This reading we willcall W. When 
the current is switched on and the motor runs at speed, the 
spring balance should again be read off, since the friction 
of the pulley on the belt will have a tendency to raise the 
weight; this reading we will call WV’. The difference 
VoL. CXXXI. 32 
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between HV’ and W” in pounds, multiplied by the circum- 
ference of the pulley in feet (including one-half the belt 
thickness on each side), and this by the number of pulley 
revolutions per minute will give the foot-pounds of mechani- 
cal energy, which can be compared with the electrical 
energy required to produce it, in the usual manner. 

Thus, in a few minutes with the aid of aspeed counter or 
tachometer, a voltmeter and an ammeter, the efficiency of a 
motor can be determined, and its ability to do a desired 
amount of work ascertained at once, instead of being left 
to guess-work, as would often be the case if more bulky or 
elaborate apparatus were needed. 

It should not be imagined from these remarks that this 
form of dynamometer is applicable to small motors only; but 
it is evident that for testing larger machines where many 
horse-power have to be measured, the apparatus needs more 
elaboration, especially in the use of friction blocks under 
the belt or pulley strap, their lubrication, and the use of a 
dash-pot to steady the brake when the motive-power is 
irregular. 

But I need not enlarge on this, except to say that in 
these particulars, whether using steel strap, or leather belt 
with friction blocks, or rope friction, the same careis needed 
as in the Prony brake to obtain correct readings. 

Before concluding, 1 submit to your consideration the 
value of the Waldron rotary pump for use as a dynamometer, 
although I have never heard that it has been applied to that 
purpose. In examining one of these engines recently for 
other purposes it occurred to me that it would serve as an 
excellent dynamometer. 

This pump is operated by rotary piston blades working 
in a chamber, without leakage, and with but small friction, 
the amount of which can readily be ascertained and calcu- 
lated for use as a “constant.” Its capacity per revolution, 
and the number of revolutions being known, as also the 
pressure against which it works, which can be regulated by 
a pressure gauge, the foot-pounds of work are at once 
arrived at. 

This method of measurement will correctly register the 
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work done, although the speed may be irregular; and its 
results can be made more accurate than that of the friction 
dynamometer, because not subject to the irregularities 
arising from differences in lubricants, temperature, etc., 
which makes it necessary to use adjusting screws in most 
forms of friction-brake dynamometers. 


THE VALUE or OIL as an INSULATOR For HIGH 
VOLTAGE CURRENTS. 


By Davip Brooks. 


[Read before the Electrical Section, May 5, 1891.) 


Even as late as 1884, in the electrical works,oils were placed 
among conductors. For instance, James T. Sprague, in the 
second edition of his book, places them among conductors 
“in the order of their specific gravity.” His first patent for 
the use of oil as an insulator was taken out in 1878, and 
now the matter is receiving great attention among the 
electricians of Europe. In the London Electrical Review 
there is an account of tests by Siemens and Halske, of 
Berlin, in which they state that an ordinary Siemens elec- 
tric light cable was inserted, and broke down ata pressure 
of some 15,000 volts, but when oil was used, it perfectly 
withstood the pressure as high as 20,000 volts. 

Oil has been used in Switzerland with complete success, 
not only for insulating wires, but also for transformers. 

The writer has made the following experiment to show’ 
how much better oil is than the air for insulation. A large 
Holtz machine that sparked 7°5 inches through the air 
was unable to puncture the insulation of a cable of twisted 
wires separated one-fourth of an inch, when immersed in 
oil. 

The ends of the twisted wires, were spliced to rubber- 
covered wires, and these were attached to the poles of the 
Holtz machine, after glass tubes had been drawn over 
them. The twisted wires were then placed in a jar contain- 
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ing oil with a layer of water floating on it, the oil being 
heavier than the water. 

The spark broke through the tubes from wire to wire 
abovethe oil; the part of the jar containing water the tubes 
were broken opposite the splice, while the twisted wires in 
the oil stood the entire pressure of the machine, 7°5 inches 
spark. Such a spark would be equivalent to 175,000 volts, 
as defined by Warren De La Rue, between a point and a 
disk, but this spark of 7°5 inches was between two spheres 
which requires a much higher voltage. 

When no glass tubes were used to protect the conduc- 
tors, the voltage ur tension was much reduced by silent or 
brush discharge, blue sparks passing through the rubber 
covering. When bare wires were used to connect the two 
poles of the Holtz machine, still less tension was produced 
on account of leakage through the air. 

The experiment tends to show that the air is not a good 
insulator for very high voltages, and also to confirm the 
experiments made in Switzerland as to the value of oil 
for insulating transformers, and protecting them from 
destruction by lightning. 

Experiments have also been made with heavily insu- 
lated electric light cables for conveying high voltages. 
None of them stood a tension above 12,000 volts, and most 
of them broke down by the use of less than 10,000 volts. 
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BOOK NOTICES. 


A Treatise on Electro-Metallurgy : Embracing the application of electroly- 
sis to the plating, depositing, smelting and refining of various metals, 
and to the reproduction of printing surfaces and art-work, etc. By 
Walter G. McMillan, F.I.C., F-.C.S., etc. With numerous iilustra- 
tions. London: Charles Griffin & Co. Philadelphia: J. B. Lippincott 
Company. 1891. (8vo, pp. xv-287; price, $3.50.) 

The present volume forms a timely contribution to the literature—by no 
means voluminous—of electro-metallurgy. The author's aim has been judi- 
ciously to combine theory and practice, to enable the practical plater and 
refiner to acquire a knowledge of the fundamental principles of his art, by 
which to control and guide their practice, and to improve it along correct 
lines. To this end, the author's preliminary chapters, embracing an exposi- 
tion of general principles, sources of current, and the general conditions to 
be observed in electro-deposition, are most excellent. 

The chapters on the arrangement and disposition of the plant, prepara- 
tion of work, as also those treating of the deposition of specific metals, give, 
without needless repetition, the most approved rules of practice and the 
results of the most recent work of specialists in this branch of applied elec- 
tricity. The subject of industrial electro-metallurgical operations, which is at 
present attracting much attention, might have been treated at greater length, 
and would have added substantially to the value of the book, but that 
which is given is well-digested and conveys much information in limited 
space. On the whole, Mr. McMillan’s book will be found to present the 
subjects with which it deals in very convenient form, and with commendable 
clearness and accuracy. W.. W. 


A Move for Better Roads. Essays on roadmaking and maintenance and 
road laws, for which prizes of honorable mention were awarded through 
the University of Pennsylvania, by a Committee of Citizens of Philadelphia, 
with a synopsis of other contributions and a review by the Secretary, Lewis 
M. Haupt, A.M., C.E., Professor of Civil Engineering, University of 
Pennsylvania, also an introduction by Wm. H. Rhawn, Chairman of the 
Committee. Philadelphia: University of Pennsylvania Press. 1891. 

Our young country seems now to have reached that age (naturally delayed 
by the advent and development of railroads) when attention begins to be 
bestowed upon the condition of its highways. From all quarters come 
welcome evidences of a general awakening in this respect. The manufac- 
turers of bicycles, so far from fearing to show their hand, come boldly forward 
as prominent champions of the movement. Difficult as we may find it to 
persuade ourselves that these gentlemen have lost sight of their personal 
interests in pushing this agitation, we may well afford to rejoice that the 
interests of a limited class are found to be here identical with those of the 
community at large. 
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In his introduction to this series of essays, Mr. Rhawn, the Chairman of 
the Citizens’ Committee who awarded the prizes, refers to the encouragement 
extended to the committee by Dr. Wm. Pepper, the Provost, and Prof. Lewis 
M. Haupt, Professor of Civil Engineering of the University, and expresses 
the obligations of the committee to the authors of the several papers con- 
tributed. 

The committee were moved to their action by the belief that the chiet 
difficulty in the way of improvement is ignorance on the part of our people 
as to what a good road is, and it is with a view to doing something to dispel 
this ignorance that they solicited these papers and offered their liberal prizes, of 
$400, $200 and $100, respectively, with honorable mention (at the discretion 
of the Board of Adjudicators) for other contributions. 

The first prize was awarded to Henry Irwin, B.A., C.E., Canadian 
Pacific Railway, Montreal; the second ‘to David H. Bergey, B.Sc., M.D., 
North Wales, Penna. ; the third to James Bradford Olcott, South Manchester, 
Conn.; and honorable mention, without reference to order, to Edwin Sat- 
terthwait, Jenkintown, Pa.; Charles Punchard, 1223 Hollywood Avenue, 
Philadelphia; George B. Fleece C.E., Memphis, Tenn.; Frank Cawley, B.S., 
Swarthmore College, Penna.; and Francis Fuller McKenzie, C.E., 5774 
Germantown Ave., Philadelphia. 

The papers of these gentlemen, naturally covering much the same ground, 
are here presented, and followed by a Digest by Prof. Haupt of the contents 
of the remaining contributions, abstracts from miscellaneous communica- 
tions received upon the general subject, notes by the Secretary, Prof. Haupt, 
and a copy of the Rules of the Road Improvement Association, of London. 

In his notes, the Secretary endeavors to disabuse the agricultural mind 
of the impression ‘‘that the cost of transforming mud roads into macadam 
is sO great‘as to be impracticable"’ Adding $4,000,000 estimated as 
wasted annually ‘‘in Pennsylvania alone in consequence of her poor and 
often impassable roads *’ to an equal sum raised by road taxes and wasted in 
‘useless attempts to build a permanent structure out of incoherent, perish- 
able materials over improper locations,”’ we have an annual loss, through bad 
roads, of $8,000,000. 

He points out that road improvement is obstructed not only by “igno- 
rance as to the benefits to result from it,” but also by ‘‘distrust as to the 
integrity of those who may be selected or appointed to conduct the work and 
handle the means ;’’ and urges the employment in this work of “the civil 
engineers and surveyors resident in the great Commonwealth of Pennsyl- 
vania, whose reputation for skill and honesty is worth more to them than 
money, and who are deeply interested as citizens in promoting this long- 
needed reformation.” 

As to the raising of means for road improvement, the Secretary favors 
“State aid under proper restrictions,” but ‘‘no public work of this 
character should be undertaken until a competent civil engineer is appointed 
to represent the interests of the State.’’ The abolition of the system of 
“‘working out ”’ road taxes is strongly advocated. 
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After brief remarks touching the dimensions and construction of roads, 
the Secretary concludes his notes by discussing ‘‘ Soils and their adaptation 
to roads,”’ in which he urges the importance of locating roads upon suitable 
ground, and gives data respecting the shrinkage, absorption and saturation 
of various soils, their behavior under changes of temperature and their rates 
of drying. 

The Board of Adjudicators recommended to the committee, irrespective 
of the relative merits of the papers selected for publication : 

(1) That in the improvement of roads, the macadam system, consisting of 
small angular fragments, in sizes not exceeding from two to two and one-half 
inches in their largest dimension, according to the quality, should be used, 
wherever a stone surface is both practical and justifiable. 

(2) That the minimum width of the metalled surface for a single track 
should be a demirod (eight and one-quarter feet), of such depth as the 
amount of traffic and character of the subsoil may require, to be determineg 
by the engineer in charge. 

(3) The bed to receive the stone must be so prepared that it cannot be 
saturated with water, and to accomplish this, great attention should be paid 
to the character and drainage of the subsoil. 

(4) That there should be legislative enactment regulating the width of the 
tires of wheels, and that the minimum width of all cart, dray, wagon and 
other heavy-draught vehicles should be four inches, to be increased when the 
capacity of the vehicle exceeds half a netton per wheel, at the rate of one inch 
for each 400 pounds in excess. zo 


A Text-book on Roofs and Bridges. Part 1, Graphic Statics. By Mans- 
field Merriman, Professor of Civil Engineering in Lehigh University, and 
Henry S. Jacoby, Instructor in Civil Engineering in Lehigh University, 
New York: John Wiley & Sons. 18go. 

This volume represents the second of the four parts into which the course 
in roofs and bridges at Lehigh University is divided. Part I, treating of stresses 
in simple trusses, appeared in 1888, and it is muchto be hoped that in due time 
the entire course will be completed by the publication of the two remaining 
portions, viz: Part III, the design of a bridge, with details and the preparation 
of working drawings ; and Part LV, the discussion of cantilever, suspension 
and arched bridges. 

The works forming this series make no pretensions to novelty, except in 
their arrangement and in the manner of presentation of the subject; but the 
authors, in their preface to Part II, invite attention to the abbreviated 
process employed in some of the diagrams for wind stresses, to the method 
of determining stresses due to initial tension, and to portions of the analysis 
of maximum moments and shears under locomotive wheels, as being in some 
respects novel as well as of practical value. 

The present volume, the result of the combined labors of Professor Merri- 
man and Instructor Jacoby, bears evidence of the same ability and conscien- 
tiousness which have marked the productions of the author first named. The 
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typography is excellent, and it seems unfortunate that so exemplary a work 
should be marred by faulty illustrations Many of the cuts are rendered 
: annoyingly indistinct by being unnecessarily crowded, and blurred by care- 
lessness in their preparation or printing, or both. 

In a text-book like this, intended to be studied as a whole from end to end, 


the absence of an index may perhaps be more readily condoned than in a 

book of reference, to be consulted occasionally for information on special 
subjects. 
Franklin Institute. 

ra 

i i : [ /roceedings of the stated meeting, held Wednesday, May 20, 1891.) 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, May 20, 1891. 


Jos. M. W1Lson, President, in the chair. 


i Present, 220 members and twenty-six visitors. 
i i : Additions to membership since last report, eleven. 
-p Mr. S. Lloyd Wiegand, from the Committee on Science and the Arts, 
tt presented an abstract of the investigation and conclusions of the committee 
4 ‘, in the case of the method of manufacturing truck-wheel centres invented by 
4 a! Mr. Samuel M. Vauclain, and carried on extensively at the Baldwin Loco- 
motive Works. 
ey, Prof. Coleman Sellers, by invitation, gave an excellent description, with 
4 ih ; illustrations, of the plans of the Cataract Construction Company, for the 
| he utilization, to the extent of 120,000 horse- power, of the water-power of Niagara 
a a j Falls. The speaker's remarks embraced also some account of observations 
- f : upon subjects of engineering interest, made by him during a recent visit to 
: Bi Europe as one of the Board of Consulting Engineers, commissioned by the 
. 4 ; Company to examine and report upon the most recent methods and examples 
| 7. : of power transmission, and as representing the United States on the 
oe | International Niagara Commission and kindred subjects. (Referred for 
publication.) 
‘ae ‘ The thanks of the meeting were voted to the speaker, with the request 
aa ; that he continue his remarks at the next stated meeting. 
‘i : ) ; In acknowledging the action of the meeting, Prof. Sellers stated that 
| if though he might be unable to do so at the June meeting, he would take 
jf pleasure in addressing the Institute at some later date. 


Mr. W. N. Jennings exhibited a second instalment of lantern views illus- 


Tt trative of characteristic local subjects. These were well received. 

The Secretary presented a | rief report. Adjourned. 

Wa. H. WAHL, Secresary. 
“hh 
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PENNSYLVANIA STATE WEATHER SERVICE. 


MONTHLY WEATHER REVIEW 
For NOVEMBER, 1890. 


Prepared under the Direction of the Committee on Meteorology of the 
Franklin Institute. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, November 30, 1890. 
TEMPERATURE, 

The mean temperature of 59 stations for Nevember, 1890, was 41°5, which 
is over 2°0 above the normal, and 0°'4 below the corresponding month of 
1889. 

The mean of the daily maxima and minima temperatures 50°°4 and 33°1 
give an average daily range of 17°°3, and a monthly mean of 41°7. 

Highest monthly mean, 47°°8 at Uniontown. 

Lowest monthly mean, 34°°o at Wilkes-Barre. 

Highest temperature recorded during the month, 78° 0 on the 7th at 
Uniontown. 

Lowest temperature, 10°o on the 29th at Wilkes-Barre. 

Greatest local monthly range, 58° at Charlesville. 

Least local monthly range, 42° at Catawissa, Harrisburg, Selins Grove 
and Eagles Mere. 

Greatest daily range, 47° at Charlesville on the 8th. 

Least daily range, 1° at Rimersburg on the 26th, Clarion the 4th and 
Petersburg the 27th. 

From January 1, 1890, to November 30, 18go, the excess in temperature at 
Philadelphia was 755°, at Erie 144° and at Pittsburgh 784°. 

The coldest period of the month was on the 28th and 2oth. 

BAROMETER, 
The mean pressure for the month, 30°08, is about ‘03 above the norma!. 


At the U.S. Signal Service Stations, the highest observed was 30°41 at Harris- 
burg on the 16th, and the lowest 29°53 at Erie on the 17th. 


PRECIPITATION. 

The average rainfall 149 inches for the month, is a deficiency of 2°00 
inches. 

The largest monthly totals in inches were Columbus, 4°29; Erie, 3°32; 
and Somerset, 3°00. 

The least were Blue Knob, 0°78; Philadelphia, 0-80; York, o'80; Bethle- 
hem, 0°82; Wellsboro, 0°93; Forks of Neshaminy, 0°95; and Westtown, 
0'97. 
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The heaviest rainfall occurred on the 17th. The snow fall was light, and 
at most stations too small for measurement. The largest totals were Blue 
Knob, 5°5 inches; Grampian Hills, 3°5 inches; and Columbus, 30 inches. 


WIND AND WEATHER. 


The prevailing wind was from the West. The weather was above the 
normal in temperature, and below in the amount of precipitation, and number 
of rainy days. | 

Average number: Rainy days, 8; clear days, 9; fair days, 10; cloudy 
days, 11. : 

MISCELLANEOUS PHENOMENA. 


Hail.—Blue Knob, 2d; Emporium, 12th ; Wilkes-Barre, 19th; Columbus, 
Igth, 20th; Dyberry, 12th, 

Snow.—Charlesville; 2oth, 27th; Altoona, 4th, 28th; Blue Knob, 8th, 
Igth, 20th, 26th, 27th; Hollidaysburg, 4th, 20th, 26th, 27th; Tipton, 4th; 
Wysox, 3d, 4th, roth, 20th, 23d, 27th; Le Roy, rst, 2oth, 23d; Quakertown, 
4th, 27th; Johnstown, 3d, 4th, 19th, 20th, 27th, 30th; Emporium, rst, 3d, 
4th, tgth, 20th; Mauch Chunk, 4th; State College, 3d, 4th, 2oth; Phillips- 
burg, 4th, oth, 20th; Coatesville, 4th, 20th, 27th, 29th, 30th ; Westtown, roth, 
27th; Rimersburg, 3d, 4th, 20th, 27th; Clarion, 4th, 26th, 27th; Grampian 
Hills, 4th, roth, 20th, 27th; Lock Haven, 4th; Catawissa, 20th; Meadville, 
4th, 19th, 20th; Carlisle, 20th ; Swarthmore, 20th ; Uniontown, 3d, 4th, 27th; 
Huntingdon, 4th, 2oth; Petersburg, 4th, zoth, 27th; Lancaster, 4th, 2oth, 
27th ; New Castle, 4th, 27th; Myerstown, 3d, 20th; Wilkes-Barre, 3d, 4th, 
12th, 20th; Nisbet, 20th; Pottstown, 20th ; Philadelphia, 4th, 20th ; Girard- 
ville, 3d, 4th, 20th; Selins Grove, 4th, 19th, 20th; Somerset, 4th, tgth, 27th; 
Eagles Mere, 4th, 12th, 19th, 20th, 23d, 27th; Wellsboro, 3d, 20th, 22d, 23d; 
Lewisburg, 3d, 20th; Columbus, Ist, 3d, igth, 2oth, 27th, 30th; Canonsburg, 
3d, 4th, 27th; Dyberry, 4th, 19th, 23d; Honesdale, 4th, 12th, 21st, 23d; 
Ligonier, 4th, 27th; York, 2oth ; Indiana, 26th, 27th; Greenville, 2d, 4th, 2oth, 
27th, 30th. 

Frost.—Pittsburgh, tst, 5th, 21st; Charlesville, 5th, 14th, 21st, 24th, 28th, 
29th; Altoona, 4th, 5th, 6th, 12th, 13th, 14th, roth, 2oth, 23d, 24th, 25th, 26th, 

. 27th, 28th, 29th, 30th; Blue Knob, tst, 3d, 4th, 11th, 14th, roth, 2oth, 21st, 
22d, 23d, 24th, 27th, 28th, 29th, 30th; Hollidaysburg, 5th, 14th, 21st, 24th, 
30th; Tipton, rst, 4th, 5th, 6th, 7th, 13th, 14th, 15th, rgth, 20th, 21st, 24th, 
26th, 27th, 28th, 29th, 30th; Wysox, 2d, 3d, 4th, 5th, 6th; Le Roy, Ist, 3d, 
4th, 5th, 13th, 2oth, 21st, 22d, 23d, 24th, 25th, 26th, 27th, 28th, 29th, 3oth ; 
Forks of Neshaminy, rst, 4th, 5th, 6th, 14th, 21st, 22d, 23d, 24th, 25th, 26th, 
27th, 28th, 29th; Quakertown, Ist, 4th, 5th, 6th, 7th, 13th, 21st, 23d, 24th, 
26th, 27th, 28th, 29th, 30th; Emporium, 5th, 6th, 14th, 15th, 21st, 24th, 27th, 
28th, 30th; State College, 3d, 5th, 6th, 7th, r4th, 21st, 24th, 29th, 30th; 
Phillipsburg, 15th, 21st, 23d, 24th ; Coatesville, ist, 2d, 5th, 6th, 7th, 12th, 
13th, 14th, 15th, roth, 23d, 24th, 25th; Phoenixville, rst, 5th, 14th, 21st, 24th, 
29th, 30th; Westtown, rst, 5th, 14th, 23d, 24th, 29th; Rimersburg, 13th, 24th; 
Grainpian Hills, 5th, 14th, 28th; Lock Haven, 24th, 25th, 26th, 27th, 28th, 
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MonTHLy Summary oF REPORTS BY VOLUNTARY OBSERVERS OF THE PENNSYLVANIA STATE WEATHER SERVICE 
Blue Baromater Repucep TEMPERATURE. Preciprrati 
3 To Sea Lever. 
es. | 
Maxim. Minimum. Datry Rance 
= | 
| 3 = 
= 2 = 3 = = 5 | ¢ 
oudy 
Pittsburgh, . 847 30°100 | 30°390 | 29°570 45°4 23°0 28 $2°3 38°6 13°7 
Bed 1,300 42°5 730 17 15°0 8 55°! 30°6 24°5 47'0 12 7 
Bradford,. . . . Wysox, ... 718 39°075 | 30°387  29°513 39°0 7 29 46°6 16°5 34°5 7 ° 7 Bo 
4th Bucks, 536 30°080 30°450 29°590 63'0 i8 | 18°0 29 10's . "24 
Cambria, eee johnstown, 1,184 30° 30°435 29"600 | 43°7 72°0 , 17 21°0 28 52°4 37'0 6'o 7 2°34 
own Cameron,. . . =mporium, 1,030 41°5 67'0 17 18°o 28 sa% 4°0 16 i 
Centre,. ... State College— 
Hi Experiment Station, . 1,191 32°030 | 30°377 | 29°443 66°0 7 } 17° 28 49°3 15'2 19 
1oth Chester, .... 455 30°053 -30°344 29" 524 43°6 | 20°0 28 16°7 14 
Chester, ees Phoenixville, 30°86 | 44°9 730 8 28 52°9 35'9 18°0 20°o 7 
ville Chester, .... ES 350 30°124 | 30°409 | 29°647 43°2 70°0 22°0 29 15°8 14 
20th State Normal School (27 days), 1,530 63'0 { 17'0 28 46°8 »8°7 33°0 4 7 
= Clearfield, . . . Grampian Hills, . . . 1,450 39°2 68°0 17 28 46°2 32°9 13°3 34°0 1°96 
4th, Clinton, .... Lock Haven,........, 560 66°0 16 lis‘o 28 32° 17°5 4'0 
rard- Crawford, . . Meadville, 1,300 30°058 30°450 Goo 40°2 65"0 17 28 45°9 3" 1°00 
27th; Dauphin} Harrisb 108 30° 63 ; uf 
/ Jauphin,! . . tarrisburg, ... 361 30° 412 29°633 42°38 640 8 2 50 30°4 14°1 14 72 
warthmore Co eee, 30°066 30°343 29680 8 22'0 28 "4 15°3 4 
burg, Erie! Erie,.. T | 30'030 30°390 29°530 | 42.0 6"0 17 26°0 27 12°0 27°0 10 ro 33°0 3°32 
Fayette, ... Uniontown, 1,000 30°063 30°312-29"723 47'8 73°0 7 } 20°0 23 $5°3 39°8 15°5 36 + 
23d Franklin,’ . Chambersburg 
Wilson Female 618 30°14 30352-29739 42°4 69"0 6 29 54°3 30°5 23°8 43 . 
Huntingdon,!. . Huntingdon— 
The Normal College, 650 43°2 7 20°0 53°5 2°9 20°6 1°38 
28th Huntingdon, . . yoo 42°9 74'0 20°0 3 52°8 37°5 15°3 > 1°38 
26th, State Normal School (24 days), 1,350 30°107 394 9°776 7o"o lo 15°0 28 50°! 32 17°3 — 14 79 i 
21st, Lawrence, ... 932 43°7 17 28 51°O 31°8 19°2 37 27 8°7 2°44 
th Lebanon ° 474 30°056 30°319 40°5 67'0 8 19'0 29 1°6 3 35 1°22 
24th, Lehigh, , Coopersburg, 520 4\'7 8 28 $3°2 34°2 19°90 30 "95 
24th, ehigh,' . ynnport, . 350 ° 
Luzerne, .. . Drifton— 
Luzerne,! Wilkes- Barre, 575 ‘ 6o’o 25 | 10°0 29 43°4 18°8 37°0 1°54 
Mercer,! . . . Greenville— 
26th, Thiel College, ....... 1,000 30°01F 39°377 29532 660 17 | t4°0 2 49°56 3371 16°7 34°5 54 rt 2 ” 
Northampton, . Bethlehem,..... . . 360 43°4 68° 8 | 28 50 32°8 17°8 34 bo 12 73 
27th, Philadelphia,! Philadelphia— 
Signal 117 30°102 -2y"657 7o"’o 23°0 28 33°9 15°3 7 To 7 o 
30th Schuylkill, Girardville, . . . ‘ 1,000 30°048 30424) 29685 40°7 62°0 6, 8 19'0 28 48°9 32°8 20 1°69 
24th, Sullivan, Eagles Mere,. 2,060 30°136 29 B25 5348 54°0 7 28 40°4 28°B 11° #0 10 74 
Ti Wellsboro, .... . 1,327 39°039 30°349 29458 36°2 7 16°0 28 44°8 30°0 14°83 ? 1 78 3 
28th Ws arren, 1,410 39°3 68°o 6 | 14°0 28 46°7 14°7 14 ( 674 27°8 4°29 
oth, Washington, Canonsburg, 950 39°697 30°7311 42°7 28 52°5 32°9 19°6 70"4 32°¢ 
Wayne, ... Dyberry, .. 1,100 6 ate 2 456 | 27% 6 ‘ 1-68 
Wayne, .. Honesdale, . . 1,000 ° 37°2 39°0 7 1150 27, 29 44°8 29°6 15°2 ? 20 3 118 
yoming,! 660 ‘ 40°2 8 17'0 2y 48°s 32°3 16°2 30°0 


1 Observations 


taken at 8 A. M. and 8 P. M. 


? Observations taken at 12 Noon. 


VOLUNTARY OBSERVERS OF THE PENNSYLVANIA STATE WEATHER SERVICE FOR No’ 
TEMPERATURE. PRECIPITATION. 
| 
Minmum. | Darty Rance. | = 
j = = = a a = Zz 
23°0 28 52°3 38°6 13°7 au 40 26 | 704 35°2 | | 13 
15°0 28 30°6 24°5 47°0 8 5° 12 77°0 | 1°57 5 
4 22°0 28 54°9 394 | 32° | 28 60 | 2 36°3 1°07 eve 5 
28, 29 54°0 32°0 22°0 | | 6 27 81°0 38°0 1°48 8 1 
= 28 52°3 35°2 17t | 44°0 7 30 18 1°57 6 1 
29 46°6 30°" 16°5 34°5 7 “7 80°8 33°2 7 
| 4 16°0 28 32°7 6 12 0°89 13 
18'0 2 30°1 24°5 6 g’o 77°4 33°0 1°24 es 7 
ro 28 52°4 35°0 17°4 37°0 6 6'o 27 84°7 30°2 2°34 1°90 15 
28 51°6 320 19°6 34°0 5 2 2°16 1°50 at 
1770 29 47°3 30°7 16°6 30 27 0°20 6 
= 17°0 28 49°3 15°2 310 6 19 740 33°2 1°46 8 
an 49°5 32°7 16°8 32°0 10° 3 1°27 7 
20°0 28 52°5 35°83 | 14 12 34°0 1°23 8 
17°0 2g 55°5 | 40°0 6 go 12 ee 1°07 8 
22°0 28 52°9 35°9 7 12 80°8 35°5 1°22 10 
22°0 2 51°5 35°7 15°8 28°0 14 35 12 0°97 5 
3 
4 28 46°38 28°7 18'r 33°0 au 4 82°0 36°0 "77 4 
160°0 28 46°2 32°9 13°3 34°0 20 3 eee 1°96 3°50 lo 
28 32°6 17°53 36°0 40 19 1°35 o*50 10 
22°0 28 48°5 34°6 13°9 7 40° 26 6 
28 459 34°5 83°0 33°5 2°81 1*00 10 
190 29 53°5 331 20°4 37°0 2 84°9 37°4 7 
22°0 238 50°5 30°4 26'0 14 40 72°2 112 8 1 
22°0 28 52°4 37°1 15°3 25'0 16 40 12 779 36°7 o"10 4 
260 27 48°0 36°0 12°0 27°0 an 10 72°0 33°0 3°32 13 
20'0 28 55°3 39°8 15°5 35°0 7 27 2°25 7 
29 54°3 30°5 238 6 12 81'2 33°4 4 1 
> 30 53°9 20°8 39°0 6 76°8 35°8 3 I 
| 
20°0 29 53°5 32°90 20°6 45°0 6 I 1°38 5 2 
4 20°0 23 52°8 5 15°3 42°0 6 27 1°38 5 
28 50°! 32°8 17°3 33°0 24 20 14 79°5 35°5 2°14 1°00 7 
é 27 53°6 34°5 35'S 19 12 39°7 104 + 
19'0 29 51°6 31°53 20°3 5 10°0 36% | 1°23 4 
4 10°0 29 43°4 24°6 18°8 37°0 26 1°29 1°54 10 i 
ey 
14°0 28 49°8 33°1 16°7 34°5 4 It 88°8 34°9 | @ ‘92 2°00 12 
29 53°0 35°0 32°0 40 12 77°0 36°0 100 3 2 
2 28 50°6 32°8 17°8 34°0 6 60 12 730 35°0 o'82 2 2 
| 28 54°2 33°9 15°3 7 34°64 7 1 
19°0 28 48°9 32°83 29"0 6 rt 1°67 8 1 
28 47°2 33°8 13°4 7 12 34°6 1°54 5 
32°0 27, 28 55'2 23°5 35°0 7 10°o 12 85"1 37°2 1°25 9 
12°0 28 40°4 28°8 11°6 21°0 25 40 10 1°64 2°00 3 
$ 16'0 28 44°8 30°0 14°8 7 15 78'2 0°93 10 
14°0 28 46°7 32°0 14°7 34°0 au 2°0 26 67°4 27°8 4°29 3"00 16 
iro 29 45°6 27°4 6 4 1°68 150 
15°0 6.27, 29 44°8 29°6 15°2 7 13 1°18 
15'0 28 55°3 32°0 23°3 74°0 36°0 2°13 7 
1770 29 48°5 32°3 16°2 6 12 5 
19° 29 53°5 32°9 20°6 6 75 | 36'0 0°80 6 
| 


z FOR NOVEMBER, 1890. 


ATION Numer or Days. 
=) 
3 
s 
Zz - 
13 7 9 14 
5 
5 
to 7 14 9 
8 10 9 
6 um 10 9 
7 7 4 19 
13 7 7 16 
9 12 12 4 
7 10 12 8 
15 5 10 15 
at 7 12 ir 
6 12 un 7 
8 6 8 16 
7 5 4 15 
8 10 9 5 
8 8 17 5 
6 10 13 7 
10 10 16 4 
5 7 12 11 
10 5 9 16 
4 3 7 17 
190 7 6 17 
10 8 m i 
6 
10 7 6 17 
7 8 12 10 
8 I 9 10 
4 1 13 16 
13 5 8 17 
13 12 
4 it to 9 
3 12 in 7 
5 20 3 7 
5 7 14 ) 
7 7 8 m1 
4 15 ? 
9 6 6 18 
4 3 6 1 
6 3 
10 io 4 1o 
5 . 
12 5 8 17 
3 20 8 2 
2 20 3 7 
7 13 7 
8 10 
5 4 16 to 
9 8 5 17 
3 5 16 9 
10 2 10 8 
6 10 9 
16 6 7 17 
10 Q 12 9 
9 6 to 14 
7 13 2 15 
5 6 8 16 
6 19 2 9 


Prevartinc Direction. | 


A.M. 


ZZ 
=< 


Winp. 


2P.M. 


Osservers. 


Oscar D. Stewart, Sgt. Sig. Corps. 
Miss E. A. G. Apple. 

Dr. Charles B. Dudley. 

A. H. Boyle. 

Prof. J. A. Stewart. 

Miss Cora J. Wilson. 

Charles Beecher. 

Geo. W. T. Warburton. 

C. Hilsman. 


. C. Lorentz. 
T. B. Lloyd. 
John J. Boyd. 


Prof. Wm. Frear. 


, Geo. H. Dunkle. 


esse C. Green, D.D.S 


Knowles Croskey. 
Prof. Wm. F. Wickersham. 
Rev. W. W. Deatrick, A.M. 


C. M. Thomas, B.S. 
Nathan Moore. 
Prof. John A. Robb. 
Robert M. Graham. 
J. & B. H. Metcalf. 
. E. Pague. 
frank Ridgway, Sgt. Sig. Corps 


Prof. Susan J. Cunningham. 
Peter Wood, Sgt. Sig. Corps. 
Wm, Hunt. 


Miss Mary A. Ricker. 
Thomas F. Sloan. 


Prof. W. J. Swigart. 
J. E. Rooney. 


Prof.S C. Schmucker. 
Lewis T. Lampe. 

Wm. T. Butz, 

Wm. H. Kline. 

M. H. Boye. 

John C, Wuchter. 


H. D. Miller, M.D. 
A. Betterly. 
John S. Gibson, P. M. 


Prof. S. H. Miller. 
Charles Moore, D.D.S. 
Lerch & Rice. 


Luther M. Dey, Sgt. Sig. Corps. 
E. C. Wagner. 


H. D. Deming 

F. O. Whitman. 

Wm. Loveland. 

A. L. Runion, M.D. 

Theodore Day. 

John Torrey. 

J. T. Ambrose. 
Benj. M. Hall 

Mrs. L. H. Grenewald. 


T. F, TowNsenpb, Sergeant Signal Corps, Assistant, 
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29th, 30th; Catawissa, 5th, 6th, 7th, 14th, 15th, igth, 21st, 22d, 23d, 24th, 
27th, 29th, 30th; Meadville, 5th, 13th, 14th, 24th; Carlisle, 5th, 6th, 14th, 
21st, 29th, 30th; Uniontown, 5th; Huntingdon, :4th, 15th, 23d, 24th, 25th, 
26th, 28th, 29th, 30th; Petersburg, 5th, 6th, 14th, 24th, 28th, 29th, 30th ; Lan- 
caster, Ist, 5th, 6th, 7th, 14th, 21tst, 23d, 24th, 28th, 29th, 30th; New Castle, 
3d, 4th, 5th, 6th, 13th, 14th, 15th, 20th, 21st, 23d, 24th, 26th, 27th, 28th 29th, 
30th ; Myerstown, 5th, 6th, 7th, 14th, 1gth, 2oth, 21st, 22d, 23d, 24th, 25th, 
26th, 27th, 28th, 29th, 30th; Coopersburg, 5th, 21st, 24th, 27th, 28th, 29th, 
30th; Wilkes-Barre, 5th, 14th, 24th, 28th, 29th, 30th; Nisbet, 5th, 6th, 7th, 
14th, 21st, 29th; Bethlehem, 5th, 6th, 21st, 24th, 27th, 28th, 29th, 30th; Phila- 
delphia, 1st, 4th, 5th, 14th, 20th, 21st, 24th, 27th, 28th; Girardville, 1st, 2d, 
3d, 4th, 5th, 6th, 7th, roth, 12th, 13th, 14th, 15th, 16th, 17th, 18th, 19th, 2oth, 
21st, 22d, 23d, 24th, 25th, 26th, 27th,.28th, 29th, 30th ; Selins Grove, 3d, 5th, 
6th, 7th, 14th, 21st, 23d, 24th, 26th, 27th, 28th, 29th, 30th; Somerset, 13th, 
21st, 23d; Eagles Mere, 13th; Wellsboro, rst, 4th, 5th, 6th, 7th, 12th,.13th, 
i4th, 15th, 2oth, 21st, 22d, 23d, 24th, 26th, 27th, 28th, 29th; Lewisburg, 3d; 
Columbus, 1st, 3d, 4th, 5th, 12th, 13th, 14th, 15th, 2oth, 21st, 22d, 23d, 24th, 
26th, 27th, 28th, 29th, 30th; Dyberry, rst, 3d, 4th, 5th, 6th, 7th, 12th, 13th, 
14th, 1§th, 16th, 17th, 18th, roth, 20th, 21st, 22d, 23d, 24th, 25th, 26th, 27th, 
28th, 29th, 30th; South Eaton, 4th, 5th, 12th, 20th, 21st, 22d, 23d, 24th, 26th, 
27th, 28th, 29th, 30th; York, 4th, 6th, 7th, 21st, 24th, 29th, 30th; Indiana, 
14th, 21st, 24th, 28th, 29th; Greenville, 4th, 5th, 13th, 2oth, 21st, 23d, 24th. 

Sleet.—Blue Knob, 2d; Le Roy, tgth; Rimersburg, roth; Meadville, rgth ; 
Nisbet, 12th; Canonsburg, 2d. 

Aurofa.—Le Roy, 7th; Westtown, 7th; Meadville, 6th; Eagles Mere, 
7th, 13th. 

Corone.—Charlesville, 24th ; Quakertown, 16th; Eagles Mere, 21st, 22d, 
24th; Dyberry, 16th, 19th; Greenville, 22d, 23d. 

Solar Halos.—Le Roy, 14th, 29th; Meadville, 14th; Philadelphia, 7th, 
Sth, 25th, 26th; Eagles Mere, 14th; Dyberry, 14th. 

Lunar /falos.—State College, 20th, 29th; West Chester, 24th, 25th; 
Phoenixville, 17th; Westtown, 25th; Rimersburg, 21st; Grampian Hills, 
20th ; Meadville, 19th, 21st, 22d, 23d; Carlisle, 21st, 23d, 24th; Lancaster, 
22d, 27th; Selins Grove, 22d, 24th; Eagles Mere, 22d; Greenville, 21st. 

Meteors —Blue Knob, 6th, 29th; State College, 6th; Phcenixville, 7th ; 
Westtown, 26th; Coopersburg, roth; Honesdale, 6th, 14th; Greenville, 13th. 

arhelias.—Charlesville, 27th. 

Zodiacal Lights.—Le Roy, 13th; Quakertown, 5th. 


WEATHER FORECASTS. 


Percentage of local verifications of weather and temperature signals as 
reported by displaymen for November, 1890: 


Weather, 85 per cent. 
Temperature, 87 per cent. 


| 
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TEMPERATURE AND WEATHER SIGNAL DISPLAY STATIONS. 


Displayman. 
U. S. Signal Office, . 
Wanamaker & Brown, 


Pennsylvania Railroad Company 


Continental Brewing Company, 
Samuel Simpson, . 

B. T. Baubitt, . : 
Western Meat Company,. 
Neptune Laundry, 

C. W. Burkhart, 

A. N. Lindenmuth, . 

C. B. Whitehead, 
Thomas F. Sloan, 

J. H. Fulmer, . 

W. T. Butz, 

Capt. A. Goldsmith, 
Frank Ross, 

Lerch & Rice, 

Signal Office, . 

J. R. Raynsford, . 

E. P. Wilbur & Co., 


Agricultural Experiment Station, 


Signal Office, . 
New Era, . 

D. G. Hurley, 

J. E. Forsythe, 
Steward M. Dreher, 
State Normal School, 
E. C. Wagner, 

L. H. Grenewald, 

J. E. Pague, 

C. L. Peck, 

H. D. Miller, 

M. Tannehill, 

S. C. Burkholder, 
Robt. M. Graham, 
Henry F. Bitner, 

A. M. Wildman, 

G. W. Klee, 

A. Simon's Sons, 
Raftsman's Journai, 
R. C. Schmidt & Co., 
Chas. B. Lutz, 

E. C. Lorentz, 

W. M. James, 
Miller & Allison, 


Station. 


Philadelphia. 


Shoemakersville. 
Allentown. 
Bradford. 
McConnellsburg. 
Muncy. 

New Castle. 
Quakertown. 
Oil City. 
Bethlehem. 
Erie. 

Montrose. 
South Bethiehem, 
State College. 
Pittsburgh. 
Lancaster. + 
Altoona. 
Butler. 
Stroudsburg. 
Millersville. 
Girardville. 
York. 

Carlisle. 
Coudersport. 
Drifton. 
Confluence. 
Pollock. 
Catawissa. 
Millersville. 
Langhorne. 
Chambersburg. 
Lock Haven. 
Clearfield. 
Belle Vernon. 
Bloomsburg. 
Johnstown. 
Ashland. 
Punxsutawney. 
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Displayman. 
E. J. Sellers, . 
C. A. Hinsdell, 
H. M. Kaisinger, 
Foulk & Co., . 
William Lawton, 
Wister Heberton & Co., 
Charles M. Mullen, 
E. W. Merrill, 
A. Simon’s Sons, 
Frank Ridgway, 
G. W. Yost, 
A. C. Tryon, . 
A. H. Gerbench, 
Knowles Croskey, 
Powell Bros., . 
Lincoln E. Rowley, 
P. S. Weber, . 


Jennet, . 
Milton C, Cooper, 
J. L. Long, . 


J. H. Apple, 


Statton. 
Kutztown, 
Scranton, 
Hartsville. 
Milford. 


Wilmington, Del. 


Germantown. 
Bedford. 
North East. 
Lock Haven. 
Harrisburg. 
Collegeville. 
Spartansburg. 
Annville. 
Phoenixville. 
Shadeland. 


Athens. 


Du Bois. 
Franklin. 
Ashbourne. 
Freeport. 
Clarion. 
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PENNSYLVANIA STATE WEATHER SERVICE. 


MONTHLY WEATHER REVIEW. 
For DECEMBER, 1890. 


Prepared under the Direction of the Committee on Meteorology of the 
Franklin Institute. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, December 31, 1890. 


TEMPERATURE, 


The mean temperature of 55 stations for December, 1890, was 27°'5, which 


is over 2°0 below the normal, and 11°°8 below the corresponding month of 
1889. 

The mean of the daily maxima and minima temperatures 35°°0 and 19°4 
give an average daily range of 15°°6, and a monthly mean of 27°72. 

Highest monthly mean, 33°: at Uniontown. 

Lowest monthly mean, 20°°6 at Dyberry. 

Highest temperature recorded during the month, 59° on the rith at 
Charlesville. 

Lowest temperature, minus 11°'o on the 29th at Dyberry. 

Greatest local monthly range, 25°°2 at Wilkes-Barre. 

Least local monthly range, 11°1 at Grampian Hills. 

Greatest daily range, 40° at Somerset on the 20th and Honesdale on the 
29th. 

Least daily range, 1° at Catawissa and Petersburg on the 7th. 

From January 1, 1890, to December 31, 1890, the excess in temperature at 
Philadelphia was 682°, at Erie 47° and at Pittsburgh 752°. 

The coldest period of the month was on the 2oth and 3Ist. 


BAROMETER. 


The mean pressure for the month, 30'09, is about ‘03 above the normal. 
At the U. S. Signal Service Stations, the highest observed was 30°62 at Harris- 
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burg and Philadelphia on the 20th, and the lowest 29°42 at Philadelphia on 
the 17th. 


PRECIPITATION. 


The average precipitation 3°97 inches for the month, is an excess of 1°00 
inch. 

It was largely composed of snow. 

The largest totals in inches were Blue Knob, 9°68; Eagles Mere, 7°02 
Uniontown, 6°84; Indiana, 6°51; Phillipsburg, 5-94; Le Roy, 5°78; Holli- 
daysburg, 5°71; Pittsburgh, 5°64; Somerset, 5°52; and Dyberry, 5°29. 

The least were Erie, 1°72; New Castle, 2°13; Columbus, 2°16; and Phila- 
delphia, 2°33. 


The following are the largest totals of snow fall reported: Blue Knob 
96 inches; Eagles Mere, 65 inches; Somerset, 60 inches ; 
Indiana, 50 inches; and Wellsboro, 49 inches. 

The heaviest snows occurred on the 17th and 26th. A _ considerable 


quantity remained on the ground at the end of the month. 


Le Roy, 57 inches ; 


WIND AND WEATHER. 


The prevailing wind was from the Northwest. The storms of the 17th 
and 26th were quite heavy. Considerable damage was done by wind, and 
travel in some parts of the state was delayed by snow drifts. 

A large storage of ice was harvested during the month. 

Average number: Rainy days, 12; clear days, 7; fair days, 8; cloudy 
days, 16. 

Errata: Coopersburg mean temperature for October should be 51°3 
instead of 53°3. 


MISCELLANEOUS PHENOMENA. 


Hail—Forks of Neshaminy, 34; Emporium, 31st; Phoenixville, 26th 
Wellsboro, 31st; Dyberry, 3d, 6th ; York, 17th. 


Snow.—Charlesville, 2d, 4th, 8th, 12th, 16th, 17th, 18th, 25th, 26th, 27th 
29th; Blue Knob, tst, 2d, 3d, 4th, 5th, 8th, rith, 12th, 13th, 16th, 17th, 18th, 
23d, 24th, 25th, 26th, 27th, 28th, 29th; Hollidaysburg, ist, 2d, 3d, 8th, 12th 
16th, 17th, 18th, 25th, 26th, 27th, 29th; Wysox, Ist, 2d, 8th, 11th, 16th, 17th 
23d, 26th, 31st; Le Roy, Ist, 3d, 4th, 5th, 8th, 12th, 17th, 18th, 23d, 25th, 26th, 


- ep 27th, 28th, 29th; Forks of Neshaminy, Ist, 3d, 8th, roth, 26th, 29th ; Quaker 
i } town, Ist, 3d, 8th, roth, 12th, 13th, 16th, 18th, 26th, 27th, 29th; Johnstown, 
% | 1st, 3d, 8th, 12th, 16th, 17th, 24th, 25th, 26th, 27th, 29th; Emporium, tst, 3d 


4th, 5th, 6th, roth, 13th, 17th, 26th, 27th, 28th, 29th; State College, ist, 3d, 
4 sth, 8th, roth, 12th, 16th, 17th, 18th, 23d, 26th, 29th; Phillipsburg, 1st, 3d, 
5th, 8th, 12th, 16th, 17th, 25th, 26th, 28th, 29th ; Coatesville, 1st, 2d, 3d, 5th, 8th 


b | 16th, 26th, 27th, 29th; Kennett Square, roth, 26th, 29th; Phoenixville, 1st, 
Bs 3] 2d, 8th, 18th, 26th, 29th; Westtown, 2d, 3d, 8th, roth, 25th, 26th, 29th; 
4 Rimersburg, 1st, 2d, 3d, 4th, 5th, 8th, roth, 12th, 16th, 17th, 24th, 26th, 27th) 
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Allegheny ,! 
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air? . . 


ee 
Blair, 
Blair, eee 
Bradford, . . . 
adford, .. 
me 
mbria,! . . 
Cameron,. . . 
farbon,! . . . 
entre, . « « 


Ventfe,. « « 
ester, 
ester, . 
ester,! , 

ester, 
ester, . 

anion, « 
rion, « « 


Clearfield, 


nton, 
umbia, . . 
awford, .. 
nberland, 
uphin,! 


juntingdon,! . 


Huntingdon, . 
lndiana, 


caster, .. 
awrence, .. 
c anon, 


erne,! 
ming,) 
McKean, 
ercer,! 


hampton, 
adelphia,! 


Schuylkill, . 


yne 
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Observations taken at 8 A. M. and 8 P. M. 


STATION. 


Pittsburgh,. .... 


Charlesville, 


Altoona (30 days), 


Blue Knob, . 
Hollidaysburg, 
Tipton,. ... 
Le Roy, . . 


- | Forks of Neshaminy, ; 


} Chunk ‘(29 


om 


| State College— 


Clarion— 

State Normal School,. ..... 
Lock Haven,. . 
Catawissa (28 days), 
Meadville, . . 
Harrisburg, 
Swarthmore— 

Swarthmore 
Uniontown, ...... 


Wilson Female 


| eee 


McConnelisburg, . . . 


Huntingdon— 
The 

Petersburg, . . 

Indiana— 


State Normal School, 
Lancaster (18 days), 
| New Castle, 


ormal College, 


Myerstown (30 days), . > 
Coopersburg,.... . 


Lynnport, . . 
Drifton— 


Drifton Hospital, . . 


Wilkes-Barre, 
Nisbet,. ... 


Smethport (30 days), 


Greenville— 


Thiel College, 


Pottstown, . . . 
Bethlehem,. . . 


Philadelphia— 


Signal Office, . 


Girardville, . 


Selins Grove days), 


Somerset, 


Wellsboro, . . 
Lewisburg, . . 


Columbus, ... 


Canonsburg, 
Dyberry, 
Honesdale, 


Ligonier (27 days), 


South Eaton 


Eagles Mere, . 


. 


28 days) 


Agricultural Experiment Station, . 


Elevation above Sea 
Level (feet). 


| 


BAROMETER Repucep 
To Sea Levev. 


30°120 


2 Observations taken at 12 Noon, 


30°590 
30°18 
30°540 
30°550 
30426 
30°529 


29°574 
29°530 
29650 


2g°510 
29°394 


29°432 


29°575 | 


29°547 


MontTHLY SUMMARY OF REPOR! 


a1, 


23 
23 


Mean of 
Maximum 


TSMPERATURE. 


Minimum, 


Mean of 


BY VOLUNTARY OBSERVERS OF 


19‘0 


Greatest. 


THE 


Dairy 


PENNSYLVANIA STATE WEATHEK SERVICE 


RANGE 


Date 


Least. 


Date. 


Relative Humidity 


‘o 


Dew Point 


22°5 


Total Inches 


Precierrat 


all 


Total Snowf 


During Month 


Snow 


of 


Depth 


} 
| | | | | | | 
on | 8 | | | 
| | 
2 | 847 | 30°540 | 29°630 ore. 52 16 20 37°38 11'4 20 4°0 25 25°2 5°64 41°30 
li- 34°S 56 | 12 14 20 42°5 264 12 8 26'0 3°80 
718 | 30°6o2 23°7 43 | -9 20 30°3 14'0 16°3 29 18 17°6 3°48 24 
536 3o0"090 | 30°620 27°0 | 5 31 17°6 18°9 28 3 29 18 76°6 20°6 21 8*6o é 
30"160 | 30°10 29°99 | st | 7 20 37°9 21'9 28°0 20 17 4°89 42°00 1¢ rt: 
| 30°0S9 | | 25°9 20 32°3 17°5 14°8 29"0 a1 470 17 21°8 19 | 3265 | 
ayo | go | = 8 18 34°2 15°0 19°2 18 3 os 
455 30°047 | 30°55S | 29°9 ss | 33 14 26 37°! 22°9 14°2 21's 3 8 21 3°94 | 3 i 
183 30°275 | 30°606 | 30°7 10 3! 23°3 14°8 23°0 14 40 8 2°67 5°35 4 he 
350 | | | | «so | (83 13 3! 36°9 24°5 12"4 23°5 3 3 8 3°30 
1,500 | 259 | ° 20 30°6 20'9 9°7 37°0 20 45°00 15 
} | | | 
1,459 | eee 240 | 44 2 20 29°6 28°0 20 8 4 28 43'90 24 
560 eee 26°56 | £0 | ° 20 32°2 17°3 14°9 3! 18 4°43 42°80 1f 
491 one 28's 45 to 2, 20 332 21°8 11°3 20°0 23 7 4°10 32°00 12 
1,300 29 550 26'5 43 22 20, 30 32°% 19°5 12°9 33°0 20 6'o ai 21°3 7710 29°25 ¢ 
dy 361 30°72 29°526 55 ur 14 26, 31 35°3 23°6 40 24 77° 22°8 2°42 15°00 3 
aware, | | ¥ 
| 30°035 29°578 15 2 382 25°2 27°5 14 5 Bio 25'0 2°49 
m3 1,000 | 30°047 29°552 | 33°! 53 | 1%, 24 9 20 39°2 26°3 12°9 35°0 20 au | | | 
frapklin,®§ .... | 
618 29°663 27°6 58 30 37°3 35'0 1 4°0 7 23°% 
875 ees 29°4 58 6 28, 29 33 6 20°3 18°3 29 5° 17 75°38 3°30 e6"00 12 
. 
th 
+ + 1,380 | 30°96 | 30°382 | 29°636 | 27°4 47 7 28 379 18°8 20 s‘0 12 85°8 24°0 651 | 49°78 | 14 
oe ve 41% | 30°070 | 30°353 5° 9 3 22°5 Ree 30°5 14 77°6 25°6 1°08 2 
th 474 | 30°082 30’502 282 §2 2 37°7 13°8 27°8 2 18 Bo's 22°0 3°98 14°00 
cer 1,000 | 30°53 30°6or | 29°538 266 | 50 i 30 34°6 15°7 37°7 30 s‘o 2°63 24°50 3 
3d , % 117 30°098 30°620 | 29420 | 32°2 $2 12 17 | 26 38°3 26'0 12°3 26'0 3 238 22°0 2°34 6'05 2 
ad «| 8,000 | 30°06: | 30°¢52 | 29°617 | 27°5 | 46 10 a 35°6 202 15°4 23 18 4°65 23°75 18 
6 wes 30°139 30°686 0 22°1 38 22,24,25 4 13 27°7 11's 20°0 ai 40 31 7°02 65'26 
1st, 24°2 “4 20, 22 —¥4 30 31°3 14°2 44°0 20 2° 4 15°0 2°16 17 
385 29°8 56 6 30 33°0 17°6 28'o 14 7°S 17 23°9 3°29 
1 


/ VOLUNTARY OBSERVERS OF THE PENNSYLVANIA STATE WEATHER SERVICE FOR DEC! 
TEMPERATURE. PRECIPITATION. 
NIMUM Dairy Rance. = Bas 
| | | | | 
20 37°8 | | 11"4 20 #o 25 768 | as'2 | | 41°30 18 
20 35 | 17°5 | 30 79°09 | | 3°83 | 35°50 | 14°00 12 
20 42°5 | 26% | 16"1 29°0 12 Bo | 
20 364 | 30°0 ar 8:0 | 17 73°4 | | 36°75 | 14 
20 | 30°3 | | 163 | 365 | 99 | So | 18 | | 17°6 3°48 | | 24°00 
a0 | a8 | 16% aso | 20 | 2% | 5°78 | 57°10 | 24°00 14 
31 36°5 | 176 | 18'9 283 CO |; #18 766 | 20°6 321 860 | 600 
20 | 37°99 | 16°90 28'0 20 | 17 83°3 4°89 42°00 1g 
4 29 | 360 | 8a | 178 | 9 | | 7 
5 20 32°3 14°8 ag’o | wo | 17 86°7 21°8 3°19 | 32°65 | 1 
15°0 19°2 wai 3 $94 | 51°50 25°00 17 
| 14°2 | 21'0 3°94 11°00 | 3700 13 
ia 38 |. | 23°3 | 148 | | 40 | 767 | 835 | 4°75 
3= | 36°90 | 12°4 23°5 3"0 12°00 600 
| | | 
20 296 | s80 | 8 | 18 =" 43°00 24°00 «| 
4 20 28% | 3! | 60 | 18 | 4°43 42°80 1600 
2,20 | 33 | 11°3 é 4710 32°00 12/00 10 | 
20, 39 | 32°% 19°3 12°99 | 337° 20 6’o | au | 29°25 | 600 14 | 
i | 30, 32 | 35°6 | 1 860 2470 | 4°20 23°00 10'00 
: 26, 31 | 23°6 22°8 2°42 1500 | 7'00 12 
| | | | | 
} 28 | 36% 22°0 | 140 | 26° | 20 so | 619 1 
20 39°2 26°3 12°9 | ee 6°84 24°50 18 
| | 
3 «(373 18'0 19°3 | 35°0 | 7 | 8s'9 | 23°3 | . 
| 28, 29 | 386 20°3 18°3 | | | | 3°30 e6’00 12°00 
| | 
| | 


3x9 | 88 | ast | gro | | 
shy ‘77 | age | 20 go | 8 3°98 | 14°00 | §'00 
169 | azo | 2 | Bo | see | eee | 44S | 33°00 | 10 | 
2°86 | | 3:00 6 | 
1 5 4° 20 6'0 3 
3 3 19°4 16°9 ot | 4°97 48°85 
3" 17 39'25 13 | 
3 14°2 44°0 20 | + | 2°99 | 2 
# 7°5 17 | | 3°38 | 24°00 | 13 
‘4 


DECEMBER, 1890. 


TION. Numper oF Days. | 
| Prevartinc Dieecrion. 
| "| Onservers. 
| 
ae ee 4 8 | me w | W | Oscar D. Stewart, Set. Sig. Corps, 
6 2 | 3 | N sw N | Miss E. A. G. 
13 eee rT. arles B. 
5° 17 6 7 } 8 | NW NW NW | A.H. Boyle - 
4 14 10 6 15 NW w Ww Prof. J. A. Stewart. = 
8 | NW NW N Cc er. 
14 5 5 SW SW SW Geo. W. T. Warburton 
00 ur 7 1 
19 3 3 Ss Ss C. Lorentz 
5°00 9 uw Nw +," 
7 to N ohn yd 
3 17 WwW Prof. Wm. Frear. 
500 17 NW NW Geo Dunkle. 
13 14 5 2 NW NW NW esse C. Green, D.D.S 
6 NW N W | Benj irk. 
75 13 9 | 6 8 NW NW NW | Knowles Croskey. 
20 6 10 10 i NW NW NW | Prof. Wm. F. Wickersham, 
5°00 5s | 2 wiw w Rev. W. W. Deatrick, A.M. 
400 | 4 2” Ww Nathan Moore. 
hoo | | 3 | | wiwhiew Prof. John A. Robb. 
ee 3 W | J.& B.H. Metcalf, 
12 10 rank Ridgway, Sgt. Sig. Corps, 
3 12 16 | N NW | NW | Prof. Susan J. Cunningham. 
| | Sw SW | SW Peter Wood, Sgt Sig. Corps, 
8 : | wiwtsow | Wm. Hunt 
1 9 1 | 
| 
200 5 13 N » Thomas F. Sioan. 
2°00 “on 10 14 Ww Ww | W | Prof. W. J. Swigart. 
7 13 NW Ww N | J. E. Rooney. 
| 
4°00 7 fat Nw | sw | Nw | Prof.S C. Schmucker, 
5 2 to 6 NW | NW NW | Lampe. 
m | 4 9 18 | 
500 12 2 m ine. 
4°00 4 | NW SW NW | John Wachter 
| | 
To. | H. D. Miller, M.D. 
| 20 . .. | John S. Gibson, P. M. 
bm Sw SW Armstrong & Brownell. 
3'00 s Prof S. H. Miller. 
00 Ww w Charles Moore, D.D.S. 
Lerch & Rice 
| » | ss | Nw | NW | Nw | Luther M. Dey, Sgt. Sig. Corps, 
‘75 | 8 yer 
i= |} 32 19 | NW NW | NW M. Schrock 
13 7 17 | Sw E. S. Chase. 
| 23 | NW | NW | NW | H.D. Deming. 
6*00 3 9 sw | Sw sw | F.O. Whitman. 
2°00 16 | 2 6 233 | SW | SW SW 
te 10 | NW NW | NW | Theodore Day. 
4700 | ° orrey. 
; 38 | J. T. Ambrose. 
s"00 9 | | NW | Nw | ‘NW | Benj. M. Hall. 
5°00 10 16 3 | 1 | NW | NW | NW | Mos. L. H. Grenewald. 


T. F, TOwNsEND, Signal Assistant, 


. 


28th, 209th: Grampian Hills, 16th, 20th, 31st: Luck Haven, tst, 2d, 3d, 8th, 
roth, 16th, 17th, 18th, 26th, 2-th, 29th ; Catawissa, Ist, 3d, toth, 17th, 26th, 
7th, 29th; Meadville. Ist, 2d, 3d, 4th, 5th, 12th, 13th, 16th, 17th, 23d, 24th 

th, 27th, 28th, 29th; Carlisle, 3d, Sth, 17th, 26th, 29th; Harrisburg, 1st, 
l, Sth, 16th, 17th, 25th, 26th, 28th, 29th, 3tst; Swarthmore, 2d, 26th, 20th - 


Uniontown, 8th, 17th, 18th, 26th, 27th: McConnellsburg, ist, 8th, 17th, 26th : 


Huntingdon, tst, Sth, 17th, 18th, 2 th, 26th: Petersburg, tst, 3d, 8th, 16th, 


st 
17th, 18th, 25th, 26th, 27th, 28th, 29th; Indiana, Ist, 2d, Sth, 12th, 16th, 17th, 
15th, 26th, 27th, 28th, 2 yth ; Lancaster, 3d, 8th, loth, 16th, 18th; New Castle, 
-d, 4th, 8th, 12th, 17th, 26th, 27th, 25th; Myerstown, tst, 3d, 8th. 1oth, 


iOth, 17th, 26th, 27th, 29th: ¢ oopersburg, Ist, 8th, roth, 26th. 2 jth; Wilkes 


Barre, ist, 3d, 8th, 17th, 18th, 26th, 27th, 29th; Nisbet, tst, 3d, 4th, 5th, Sth, 
foth, 12th, 17th, 18th, 21st, 26th: Greenville, ist, 2d, 3d, 4th, sth, Sth, oth, 


roth, 12th, 13th, 16th, 17th, 18th, 21st, 24th, 25th, 26th, 27th 


joth ; Pottstown, st, 3d, 1oth, 26th, 2gth ; Philadelphia, tst, 3d, 8th, roth, 


(3th, 26th, 27th, 28th, 20th; Girard ville, 1st, 8th, roth, 16th, 17th, 18th, 26th. 


Sth, 20th, 


7th, 20th, 3Ist; Selins Grove, 8th, 17th, 26th, 27th: Somerset, Ist, 2d, 3d, 


) 


ith, 8th, oth, 12th, 17th, 18th, 26th, 27th, 28th, 29th; Wellsboro, 1st, 2d, 3d 


3M, 
sth, 12th, 17th, 18th, 23d, 26th, 27th, 20th: Lewisburg, Ist, 3d, sth, oth, 
17th, 26th, 29th; Dyberry, 3d, 4th, 5th, 12th, t7th, 18th, 26th, 29th; Hones 
dale, 3d, 5th, oth, 17th, 18th, 26th, 27th, 29th, 31st; Ligonier, 1st, 3d, 17th, 
18th, 26th, 27th; South Eaton, 3d, Sth, iith, i7th, 18th, 26th, 27th, 2 th ; 
York, ist, 3d, 8th, 12th, 17th, 26th, omethport, 2d, 3d, 4th, sth, 12th 
17th, 26th, 27th. 

Sleet.—Charlesville, 3d ; Blue Knob, 27th - Quakertown, 17th, 26th: State 
College, jist: Phillipsburg, 6th, 31st; Coatesville, 3d; Lock Haven, 21st 
22d: Petersburg, 3d, 3Ist; Lancaster, 17th: Nisbet, 18th ; Wellsboro, 21st 
Dyberry, 3d, 6th, 21st; York, 17th; Selins Grove, 17th, 31st. 


Corone.—Charlesville, roth, 20th, 24th, 28th; Blue Knob, ; Le Roy, 
oth, 24th, 31st; Wilkes-Barre. 22d; Dyberry, 20th, 24th, 2: 


sth. 


Solar Halos.—Dyberry, 25th. 
Lunar /latos.—Charlesville, 24th, 28th; Mauch Chunk, 22d: State C 


ege, 22d; Meadville, 2oth, 21st, 22d; Carlisle, Coopersburg, 


= 


oth ; Somerset, 19th, 25th, 28th; Dyberry, 25th. 
feors.—Charlesville, 1st, 4th, 


lurheltas.—Catawissa, 26th Dyberry, 25th ; South Eaton, 


WEATHER FORECASTS, 


Percentage of local verifications of we ather and temperature signals as 
reported by displaymen for November 


[5g0: 
Weather, 82 per cent. 


Temperature, 84 per cent. 
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TEMPERATURE AND WEATHER SIGNAL DISPLAY STATIONS, 


Displayman. 
U.S. Signal Office, . 
Wanamaker & Brown, .. 


Pennsylvania Railroad Company, 


Continental Brewing Company, 
Samuel Simpson, . 
Western Meat Company,. 
Neptune Laundry, 

C. W. Burkhart, 

A. N. Lindenmuth, . 

C. B. Whitehead, 
Thomas F. Sloan, 

J. H. Fulmer, . 

Capt. A. Goldsmith, 
Frank Ross, 

Lerch & Rice, 

Signal Office, . 

J. R. Raynsford, . 

E. P. Wilbur & Co., 


Agricultural Experiment Station, . 


Signal Office, . 

New Era, . 

D. G. Hurley, 

J. E. Forsythe, 
Steward M. Dreher, 
State Normal School, 
E. C. Wagner, 

L. H. Grenewald, 

J. E. Pague, 

C. Peck, 

H. D. Miller, . 

M. Tannehill, 

S. C. Burkholder, 
Robt. M. Graham, 
Henry F. Bitner, 

A. M. Wildman, 

G. W. Klee, 

A. Simon's Sons, 
Raftsman's Journal, 
R. C. Schmidt & Co., 
Chas. B. Lutz, 

E. C. Lorentz, 

W. M. James, 
Miller & Allison, 


Station, 


Philadelphia. 


Shoemakersville. 
Allentown. 
Bradford. 
McConnellsburg 
Muncy. 
New Castle. 
Quakertown, 
Oil City. 
Bethlehem. 
Erie. 
Montrose. 
South Bethlehem. 
State College. 
Pittsburgh. 
Lancaster. 
Altoona. 
Butler. 
Stroudsburg. 
Millersville. 
Girardville. 
York. 
Carlisle. 
Coudersport. 
Drifton. 
Confluence. 
Pollock. 
Catawissa. 
Millersville. 
Langhorne. 
Chambersburg. 
Lock Haven. 
Clearfield. 
Belle Vernon 

- Bloomsburg. 
Johnstown. 
Ashland. 
Punxsutawney. 
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Displayman. 
E. J. Sellers, . 
C. A. Hinsdell, 
H. M. Kaisinger, 
Foulk & Co., . 
William Lawton, 
Wister Heberton & Co.., 
Charles M. Mullen, 
E. W. Merrill, 
A. Simon's Sons, 
Frank Ridgway, 
G. W. Yost, 
A.C. Tryon, . 
A. H. Gerbench, 
Knowles Croskey, 
Powell Bros., . 
Lincoln E. Rowley, 
P. S. Weber, . 
E. Jennet, . 
Milton C. Cooper, 
J. L. Long, . 
J. H. Apple, 
George Wheeler, 
J. C. McCloskey, 
Charles Petersen, 


Armstrong & Brownell, . 


Station 
Kutztown. 
Scranton. 
Hartsville. 
Milford. 
Wilmington, Del. 
Germantown. 
Bedford. 
North East. 
Lock Haven. 
Harrisburg. 
Collegeville. 
Spartansburg. 
Annville. 
Phoenixville. 
Shadeland. 
Athens. 

Du Bois. 
Franklin. 
Ashbourne. 
Freeport. 
Clarion. 
Doylestown. 
Lock Haven. 
Honesdale. 
Smethport. 
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PENNSYLVANIA STATE WEATHER SERVICE, 


MONTHLY WEATHER REVIEW. 


For JANUARY, 1891. 


Prepared under the Dtrection of the Committee on Meteorology of the 
Franklin Institute, 


HALL OF THE FRANKLIN INSTITUTE, 1 
PHILADELPHIA, January 31, 1891. 


TEMPERATURE, 


The mean temperature of 54 stations for January, 1891, was 30°°6, which 
is over 4°0 above the normal, and 7°11 below the corresponding month of 

The mean of the daily maxima and minima temperatures 37°°7 and 23°°3 
give an average daily range of 14°°4, and a monthly mean of 30°. 

Highest monthly mean, 36° 4 at Philadelphia, 

Lowest monthly mean, 23°°S at Eagles Mere. 

Highest temperature recorded during the month, 64°°0 on the 29th at 
Uniontown, 

Lowest temperature, minus 4°o on the 4th at Eagles Mere and Lewisburg. 
on the 8th at Columbus, and on the gth at Wellsboro. 

Greatest local monthly range, 20°-2 at Lancaster. 

Least local monthly range, to*t at Pittsburg and Grampian Hills. 

Greatest daily range, 43° at Smethport on the 25th. 

Least daily range, 2° at Grampian Hills, on the rith. 

From January 1, 1891, to January 31, 1891, the excess in temperature at 
Philadelphia was 122°, at Erie 137°, and at Pittsburgh 164°. 


i 
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BAROMETER, 


The mean pressure for the month, 30°06, is about ‘o4 below the normal. 
At the U.S. Signal Service Stations, the highest observed was 30°67, at Pitts- 
burgh on the 8th, and the lowest, 29°22, at Philadelphia on the 12th. 


PRECIPITATION. 


The average precipitation, 3°64 inches for the month, is nearly normal. 

The largest totals in inches (including melted snow) were Girardville, 
8°74; Coopersburg, 7°29 and Pottstown, 7°00. 

The least were Greenville, 1°22; Chambersburg, 2°27; Altoona, 2 35; 
and Erie, 2°43. 

The snowfall average for the State was about g‘oo inches. 


Dyberry, 20°0; Eagles Mere, 1g'°0; and Charlesville, 15:0. 
Only elevated districts report snow on the ground at the end of the month 


WIND AND WEATHER, 


The prevailing wind was from the Northwest. The wind and snow 
storm of the 25th caused great damage to telegraph and telephone wires. 

Average number: Rainy days, 12; clear days, 6; fair days, 10; cloudy 
days, 15. 


Nore.—-Any one having extra copies of the Monthly Weather Review for 
the months of May and August, 1889, will confer a favor by returning them 
to the Philadelphia office. 


MISCELLANEOUS PHENOMENA, 


Thunder-storms.—Charlesville, 29th; Blue Knob, 29th; Quakertown, 
tith; Johnstown, 29th; Emporium, 29th; Mauch Chunk, rith; State Col- 
lege, 29th ; Coatesville, 11th; Phoenixville, 11th; Rimersburg, 29th ; Grampian 
Hills, 29th; Lock Haven, 29th; Meadville, 29th; Carlisle, 2gth; Swarth- 
more, 11th; Uniontown, 29th; McConnellsburg, 29th; Indiana, 28th; Lan 
caster, 11th; Coopersburg, 11th; Nisbet, 29th; Smethport, 30th ; Somerset 
toth ; Wellsboro, 2gth ; Columbus, 29th; Dyberry, 12th; Philadelphia, 11th 
York, 12th; Hollidaysburg, 29th. “i 


Ffail.—Pheenixville, 17th, 31st; Meadville, 29th; Smethport, 30th; Som 
erset, 19th; Wellsboro, 1st, 2d; Dyberry, 17th; Philadelphia, 31st; York, 
31st. 


Snow.—Charlesville, 3d, 5th, roth, 12th, 17th, 18th, 22d, 24th, 25th, 31st 
Blue Knob, 2d, 3d, 4th, 5th, 6th, 7th, oth, roth, 12th, 13th, 14th, 17th, 18th, 
22d, 23d, 24th, 25th, 26th; Wysox, 11th, 17th, 24th; Le Roy, 3d, 12th, 17th, 
18th ; Quakertown, Ist, 4th, 7th, 17th, 25th; Johnstown, 2d, 3d, 4th, 5th, 6th, 
12th, 17th, 18th, 22d, 23d, 24th, 25th; Emporium, 12th, 13th, rgth, 22d, 23d, 
26th, 27th; Mauch Chunk, 17th; State College, 4th, 6th, 12th, 13th, 17th, 
18th, 24th, 25th ; West Chester, 17th, 24th, 25th ; Coatesville, 17th, 24th, 25th 
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MontTHLY SUMMARY OF REPORTS BY VOLUNTARY OBSERVERS OF THE PENNSYLVANIA STATE 


| 


Baromerer Revucep | 


To Sea Levet. 


| 
| 
| 


TeMPERATURE. 


Maximum. Minimum 


sou STaTIon. | 
| 


| 
| 
| 
| 
| 
| 
| 


Level (feet), 
Maximum 


Elevation above Sea 


Date. 
Mean of 


‘ Allegheny,! . Pittsburgh, . 
edford, . . | Charlesville, 
| Altoona, . . 
ace Blue Knob, 
Hollidaysburg, 
radford, | Le Roy 
| Forks OE Neshaminy, 
malertowm, . 
Johnstown, 
mporium, . . 
Mauch Chunk (27 days), 
h en ‘ | State College— | 
| _ Agricultural 30°033 
nester, West Chester, .. . ace 55 30°052 
ester, . . 
30°286 
Westtown (23 days), 
| Rimersburg, .. . 
| Clarion— 
iv State Normal School, . 
Grampian Hills, .. . 
| Lock Hawen,...... 
| Swarthmore— 
| Swarthmore College, . . 30°449 | 29°416 
Franklin,? . Chambersburg— 
| Wilson Female 30°547 | 29°582 
Huntingdon,! Huntingdon— 

The Normal 
ol- Huntingdon, . Petersburg, 
Indiana, . « Indiana— 
an State Normal School, . . . 30" 30°570 29°336 

h lancaster, . . Lancaster (26 days),— 
th- Franklin and Marshall College, p 32°579 | 29°202 
et opersburg,.... . 
ton— 
th Drifton Hospital, . 
erne,), Wilkes-Barre, ... 
Smethport, % 
m Merc 
Thiel College, ..... 30°73 291 
rk, Mifflin. . Pottstown, ..... 
hampton, . Bethlehem,. . . 
adelphia,} Philadelphia— 
Signal Office, 2y*220 
st; adelphia, . Philadelphia, 30" 29°210 
Girardville, . . 3 29°429 
Selins Grove, . 
: Eagles Mere, . 060 29°49! 
oth, 29°283 
Lewisburg, . . 
3d, Warren, . . . Columbus, . 
‘ashington, . Canonsburg, 
« Dyberry, .. 
‘stmoreland, Ligonier (28 days), 
ming,! . South Eaton .. 
rk,! . Vork, ‘ 


m 


2 Observations taken at 12 Noon. 


SERV 
EATHER SERVICE 
| & = A & = = = = = = 
35°0 87 | 29 18 8 40" 29°9 10°! 4 ) ‘ ' 
53 30 ° 4 37°3 17°7 7 63 15" 2°00 
35°5 54 28 13 4 42°5 28°s 14°0 2 74°4 
52 30 3 9 22°3 15°2 ) 7° 4°7 x 
28°3 47 2 6 10 33°83 10°3 14 1 1 
26°2 4 4 32°0 10 27 1 12°09 
301 9 4 40°! 21°8 18°3 30 3 2¢ ) ) 1000 
31°3 30 10 9 37°3 26°3 25'0 ) 27 » wil 
30°2 st 27 3 9 37°0 21 32"0 17 70° 23 47 1°00 
29°7 52 22 8 4 38°2 21°2 17°0 ) 5°50 
49 27, 25 I 3 34°9 23°09 1s 6"0 88 13°Bo 4°00 
33°3 | 12 15 4, 6 4o"2 13°3 12 ( 
31°9 56 | 22 14 4, 6 42°3 18°3 af ) 6°59 
34°4 56 22, 23 16 4 6 14°¢ 25% af I 19 t J 
34°6 16 4, 6 40°! 12°7 20°4 26 29 ‘ 74 
280 | % 10 4 32°3 23°9 20'0 2 2 2 4°50 cen 
. 
29°4 44 24 4 35°2 201 27°0 12°00 3°00 
30°0 50 22 15 6 35°5 24°8 10°7 24°0 in 5 ‘at 13°00 
490 29 15 34°3 21°9 12°4 31°S 2 37 3°75 oes 
3°°7 47 %7, 3 12 4 37°6 24°2 13°4 26'0 27 40 9°75 
32°2 53 22 14 4 37°77 26°38 10°9 19°0 ) 29 79°7 473 6°00 
341 54 22 15 4 42°7 27°> 15°7 27°0 6°3 7° 25°0 454 5°00 
310 52 29 4 3 37°O 24°0 13'0 21°0 2 + if 24 : 
36°2 64 29 19 15 413 209°4 11°9 30°0 11 2°00 
45 22, 23 11 9 37°7 22°5 15‘2 27°0 19 it 71 5°00 
316 5! 7 5 ir 240 152 30°0 + 4°53 15°00 @ 
29°3 50 3 4,9 38°6 18°5 32°0 13 3°58 15°25 cae 
30°60 56 27 4 30°6 26°5 10°! 32°0 27 4°29 00 ‘on 
34 27 3 9 30°7 23'0 13°7 37°0 ) 27°8 4°40 5°50 
33°9 54 23 10 6 23°2 20°3 ¢ 12 3"50 oon 
33°3 55 2y 6 8 38°1 24°0 28°o 27 3 30°90 2°85 2°35 
54 12, 22 12 4 42°2 24°6 17° : 7°29 7°90 1°00 
54 22 4 39°6 15°5 30"0 3 50 “59 15° 309 
30°0 49 2 4 8 39°7 23°4 13°3 29" 15 7 
339 | 50 22, 27 15 4 40°5 27°3 13°2 25°0 2¢ 13 77°0 7°00 .. 
36°4 56 22 17 4 43°2 20°7 13°5 20°0 10 "3 74°0 . 
55 2, 22 16 4 431 29°3 13°8 20°0 3 7 19 
53 22 10 4 235 24 13 . . 74 22°00 
29°9 54 2 —41 8 35°3 20°3 15% 1s 4°0 18 71 40°50 6°00 
238 44 22 30°2 18°6 11°6 6'o »9 7 17°8 ) 19°00 
25°2 eo —4 334 14°5 15 40 29 78 2 f 5 14° 
299 47 27 7 4 21°38 16°3 27 31 2°33 12°00 = 
20°7 47 29 8 33°8 19°5 14°3 72 18 2°57 4 
24°9 47 2 4, 33°2 15°7 17°5 39°0 1 4 29 :0 17°00 20°00 
49 2 ° 26 34°7 16°97 af ) 4°2t 20°00 
30°9 | 58 28 7 9 37°7 22°6 15"! 32°0 ) ) 360 ; 
47 2, 22 4 35°8 22°0 78 25°0 1 1g 5°47 11°00 10°00 
bservations taken at8A.M.and38 P.M. 


rs BY VOLUNTARY OBSERVERS OF THE PENNSYLVANIA STATE WEATHER SERVICE 


TEMPERATURE, | | Preciprrari 
Minimum Dairy Rance. | | 
| se | | : | | 
ate 48 | 4 3 3 |e |3 
8 | 40° | 10'r | aro | 22 822 | | 2°43 3°20 
(| 1 Os 196 | 17°7 | 30°0 8 |} 23°7 | 263 15°00 20 
4 | 42°5 1470 | 250 4 80 20 | 74°4 28's 2°35 
eee | ee ces | 3°60 33°50 36°0 
a Se eS 22°3 15°2 280 9 | 60 3t | 786 | 24°7 3°74 g 00 
19°3 14°5 | 27°0 20 18 80'5 23°60 3°72 12°55 
4 | 4 | 10°S 20'0 27 18 | @e 4°63 13°05 12°o 
9 | 4 40°! 218 | 303 26 93 | 29 Ra's 25°99 | 6°26 10°00 
37°3 26°3 | | 9 |} 23 x47 4°50 
9 37°0 32°0 17 70° 23 3°47 1°00 
4 33°2 1770 | | 26 2 | 5°50 
4 3 34°9 arr | 138 2390 | 15 6o 25 256) 13°80 Vo 
| 4 6 | 42°3 | 18°3 | 310 26 5°00 
a7 | 146 | 23°0 26 6o | 18 81°6 26°7 | 5"19 
27°4 12°7 | 20% 26 61 29 ain | 5°74 4°00 
4 32°3 239 | 84 | 20 | 33 | 4°50 
} 
27°0 8 | 60 25 é 12°00 30 
6 35°5 | 24°8 10°7 | 30 3 5°26 13°00 
5 15 34°3 | | 12% | 15 45 22 24°7 4°12 8°75 
12 4 370 | 24°2 13°4 26.0 | 27 29 26'0 407 0°75 
14 4 37°7 | 26°8 10°9 19'0 22 50 29 79°7 26°2 4°73 6'00 | 
15 4 42°7 15°7 27°0 3 63 18 70 4°84 5°00 
14 3 | 37°70 24°0 2 40 830 24°0 2°32 
15 403 29°4 30"0 40 18 3.41 2°00 
9 37°7 22°5 5°2 27°0 19 90°5 2°2 5°00 
5 39°2 24°0 2 30"0 19 40 13 79°5 4°53 
3 49 38°6 20°! 32°0 9 13 — 3°58 15°25 
6 4 36°6 26°5 | 10% 32°0 27 23 ee 4°29 
| } 
3 9 36°7 23°0 | 13°97 37°0 9 40 It 89°9 27'8 4°40 5°50 
10 6 435 23°2 20°3 6 12°0 29 26'5 3°09 3°50 
6 Ss | 24°0 | 27 2 30°9 2°88 2°35 
12 { 4 42°2 246 17°6 280 to 29 7°29 7°90 
39°6 15°5 3 50 5 4°59 | 
—2 9 35°2 avo | 15 60 18 as 
4 8 23'4 13°3 15 40 18 95'8 27°0 1°22 8°00 
15 4 40°5 27°3 13°2 25'0 26 13 27°0 7°00 4°00 


Bib. 
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an i | 
;* 
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; 
4 
4 
j 
‘4 | 
a 
{ 17 4 4372 | 20°7 13°5 20°0 10 70° 3 7409 | 27°0 3°65 | .s« 
16 4 | 29°3 13°8 20°0 3 19 82°0 | 31°6 513 
, | 4 235 24°0 | 27 6'o 13 see | 874 22°00 
8 35°3 20°23 15°0 28'0 15 18 goa | | 5°52 40°50 
2, 4 30°2 18°6 1°6 3 6'o 29 758 | 17°8 | 5°50 24°0 
—4 | 334 | 18° 14°5 40 29 | 6°53 14°0 
7 4 16°3 25°0 | 27 31 ose ss 3°33 12°00 
| 4, 10 33°2 | 17°5 | 10 29 s*30 17°00 20°0 
7 9 37°27 | 22°6 | 50 18 3°39 360 : 
i 


ae 


tR SERVICE FOR JANUARY, I89QI. 


PRECIPITATION. Numper oF Days. | Winp. 
Bas | Prevaitinc Direction. 
ec 
° wow o= | 
3 | 3°20 ae: 17 2 5 a a . Oscar D. Stewart, Sgt. Sig. Corps. 
’ 15°00 2°00 9 3 | 9 18 sw | SW | sw Miss E. A. G. Apple 
| | 20 2 to 19 | NW | NW | NW 
g 00 16 7 } 20 14 Prof. J. A. Stewart. 
12°55 6°00 9 5s | 6 | 2 | SW | NW i Ww Charles Beecher. 
13°05 12°00 ir 4 SW sw | sw Geo. W. T. Warburton 
11 9 | 6 6 N . C. Hilsman. 
4°50 au 19 Ss Ss . Lorentz 
100 9 4 | 8 | 19 NW | NW Ww T. B. Lloyd. 
) 5°50 eis Sea Ne 6 NW NW NW | John J. Boyd. 
13°80 4°00 14 3 6 WwW Ww Prof. Wm. Frear. 
5°00 6 14 it . T. Gordon. 
3°00 9 NW | NW | NW | Benj, P. Kirk. 
) 5°51 -. 4 7 7 17 NW NW NW | Knowles Croskey. 3 
4°00 6 9 w NW Prof. Wm. F. Wickersham. 
19 4 4 23 | | Rev. W. W. Deatrick, A.M. 
J one | ene | | CM. Thomas, BS. 
12°00 3°00 5 6 20 | W WwW Prof. John A. Robb. 
14 > | Sw uy J. & B. H. Metcalf. 
9°75 10 NW | . E. Pague. 
3 13 5 15 u w | rank Sgt. Sig. Corps. 
15 SW NW | NW | Prof.Susan J. Cunningham. 
2 18 7 23 Sw | SW SW | Peter Wood, Sgt. Sig. Corps. 
t 2°00 9 5 1 15 | SW Ww Sw | Wm. Hunt. 
3 15°00 8 7 Ww Thomas F. Sloan. 
J 15°25 6 5 12 14 Ww WwW W | Prof. W. J. Swigart. 
) 10 12 14 Ww WwW N_ | J. E. Rooney. 
| 
5°50 gta 13 NW SW NW | Prof.S C. Schmucker. 
) 3°50 a 6 5 a 7 NW NW | NW | Lewis T. Lampe. 
3 2°35 vials 9 3 Ss | SE SE | NW 
> 7°90 1°00 12 10 10 Ir NW SW NW | M. H, Boye . 
ar ... | H.D. Miller, M.D. 
15°00 3°00 9 14 17 N | NE A. Betterly. 
g'6o 12 = | John S. Gibson, P. M. 
| SW Armstrong & Brownell. > 
N N | Prof. S. H. Miller. 
12 6 WwW Ww W Charles Moore, D.D.S, 
| | Lerch & Rice. 
| | | 
| a*so 10 8 8 15 | NW NW NW | Luther M. Dey, Sgt. Sig. Cue 
| 3°0u 10 6 <- NW | NW | Comly. 
22°00 13 8 9 NW | C. Wagner. 
1300 9 3 24 4 NW SW | SW | J.M. Boyer, 
40°50 6°00 18 2 | | NW NW . M. Schrock. 
| x6 | Sw | SW | SW | E'S. Chase. 
14°00 10 2 | 20 I | . D. Deming. 
12°00 100 10 8 A | 8 | NE NE | NE | F.O. Whitman. t 
15 1 9 | a3 | SW SW | SW | Wa. Loveland. u 
17°00 20°00 eo. } 3 12 16 | NW W | NW | Theodore Day. et 
3 4 1 mbrose. 
11°00 10°00 7 10 Ss | Ss Benj. M. Hall. 
7°75 ‘ I 17 4 10 «=| NW NW NW | Mrs. L. H. Grenewald. 


T. F, TowNsenp, Signal Corps, Assistant. 


| 
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Pheenixville, 1st, 5th, 7th, 17th, 25th; Westtown, 25th; Rimersburg, 2d, 3d, 
4th, 5th, 6th, 12th, 13th, 14th, 17th, 22d, 26th ; Grampian Hills, 4th, 5th, 12th, 
13th, 17th, 22d; Lock Haven, 17th, 18th, 24th, 25th; Catawissa, 17th, 18th, 
25th; Meadville, 3d, 5th, 6th, 12th, 14th, 22d, 23d, 26th; Carlisle, 17th, 18th, 
25th ; Swarthmore, 25th; Uniontown, 2d, 4th, 5th, 6th, 7th, r2th, 13th, 14th, 
23d; Huntingdon, 17th, 18th, 24th; Petersburg, 17th, 18th, 25th; Indiana, 
2d, 4th, 5th, 6th, 7th, roth, 12th, 24th, 25th, 30th; Lancaster, 6th, 17th, 18th ; 
New Castle, 3d, 6th, 12th, 13th, 22d; Coopersburg, Ist, 17th, 18th, 25th; 
Wilkes-Barre, tst, 18th, 25th; Nisbet, 17th, 18th, 25th, 27th; Smethport, 2d, 
3d, 4th, 5th, 6th, roth, 12th, 13th, 14th, 22d, 26th, 30th; Greenville, 1st, 2d, 
3d, 4th, sth, 6th, 7th, 8th, 11th, r2th, 13th, 14th, 17th, 18th, 22d, 23d, 26th, 3zoth ; 
Pottstown, 17th, 25th; Philadelphia, sth, 18th, 25th; Girardville, 5th, 12th, 
18th, 24th, 25th; Somerset, 1st, 3d, sth, 6th, 7th, 12th, 13th, 17th, 18th, 
25th; Eagles Mere, 3d, 5th, 7th, 12th, 14th, 17th, 18th, 23d, 25th; Wells- 
boro, 13th, 18th; Lewisburg, 14th, 17th, 18th, 25th; Dyberry, rst, 2d, 3d, 
4th, 5th, 6th, 12th, 13th, 14th, 17th, 18th, 23d, 25th, 26th, 28th, 29th, 30th 
31st; South Eaton, 14th, 17th, 18th, 25th; York, 17th, 25th; Hollidaysburg, 
4th, 12th, 17th, 18th, 24th ; Altoona, 17th, 18th, 22d, 25th; Kennett Square, 
25th. 


Sleet.—Charlesville, 31st ; West Chester, 17th; Coatesville, 17th; Rimers- 
burg, 19th; Lock Haven, 22d; Lancaster, 17th; Wellsboro, 1st, 2d; 
Dyberry, tst, 11th, 17th, 31st; South Eaton, 17th; Philadelphia, 17th ; York, 
i7th. 


Corone.—Charlesville, 15th, 2oth, 22d; Le Roy, 20th; Rimersburg, 15th 
16th, 22d, 24th, 28th; Greenville, 24th; Dyberry, 15th, 2oth, 21st, 31st. 


Solar Hatos.—Le Roy, 4th, 13th ; Eagles Mere, gth, 13th; Dyberry, 28th ; 
Philadelphia, gth, 15th. 


Lunar Halos.—Le Roy, 15th, 20th; State College, 15th, 18th; West 
Chester, 20th ; l’hoenixville, 15th ; Meadville, 16th, 25th ; Carlisle, 15th, 21st, 
25th, 28th, 29th; Lancaster, 25th, 27th; Nisbet, 2oth; Greenville, 15th; 
Eagles Mere, 15th, 20th; Wellsboro, 15th, 21st, 24th; Dyberry, 15th, 2oth, 
21st; South Eaton, 2oth; Philadelphia, 15th, 20th. 


Meteors.—State College, 3d; Coopersburg, 7th. 
farhelias.—Wellsboro, 15th; Philadelphia, 23d. 


Zodiacal Lights —Charlesville, 29th ; Dyberry, gth. 


WEATHER FORECASTS. 


Percentage of local verifications of weather and temperature signals as 
reported by displaymen for January, 1891: 


Weather, 80 per cent. 


Temperature, 86 per cent. 
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TEMPERATURE AND WEATHER SIGNAL DISPLAY STATIONS, 


Displayman. 
U. S. Signal Office, . 
Wanamaker & Brown, .. 


Pennsylvania Railroad Company, 


Continental Brewing Company, 
Samuel Simpson, 

B. T. Bavbitt, . 
Western Meat Company,. 
Neptune Laundry, . 

C. W. Burkhart, . 

A. N. Lindenmuth, . 

C. B. Whitehead, 

Thomas F. Sloan, 


‘J. H. Fulmer, . 


» 
Capt. A. Goldsmith, 
Frank Ross, 

Lerch & Rice, 
Signal Office, . 

J. R. Raynsford, . 

E. P. Wilbur & Co., 


Agricultural Experiment Station, . 


Signal Office, . 
New Era, . 

D. G. Hurley, 

J. E. Forsythe, 
Steward M. Dreher, 
State Normal School, . 
E. C. Wagner, 

L. H. Grenewald, 

J. E. Pague, 

C. L. Peck, 

H. D. Miller, . 

M. Tannehill, 

S. C. Burkholder, 
Robt. M. Graham, . 
Henry F. Bitner, 

A. M. Wildman, 

G. W. Klee, 

A. Simon's Sons, 
Raftsman's Journal, 
R. C. Schmidt & Co., . 
Chas. B. Lutz, 

E. C, Lorentz, 

W. M. James, 
Miller & Allison, 


Station, 
Philadelphia. 


Shoemakersville, 
Allentown. 
Bradford. 
McConnellsburg. 
Muncy. 

New Castle. 
Quakertown. 
Oil City. 
Bethlehem. 
Erie. 

Montrose. 
South Bethlehem. 
State College. 
Pittsburgh. 
Lancaster. 
Altoona. 
Butler. 
Stroudsburg. 
Millersville. 
Girardville. 
York. 

Carlisle. 
Coudersport. 
Drifton. 
Confluence. 
Pollock. 
Catawissa. 
Millersville. 
Langhorne. 
Chambersburg. 
Lock Haven. 
Clearfield. 
Belle Vernon 
Bloomsburg. 
Johnstown, 
Ashland, 


Punxsutawney. 
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Displayman. 
E. J. Sellers, . 
H. M. Kaisinger, 
Foulk & Co., . 
William Lawton, 
Wister Heberton & Co., 
Charles M. Mullen, 
E. W. Merrill, 
A. Simon's Sons, 
Frank Ridgway, 
G. W. Yost, 
A. H. Gerbench, 
Knowles Croskey, 
Powell Bros., . 
Lincoln E, Rowley, 
P. S. Weber, . 
E. Jennet, . 
Milton C, Cooper, 
J. L. Long, . 
J. H. Apple, 
George Wheeler, 
J. C. McCloskey, 
Charles Petersen, 


Armstrong & Brownell, . 


Station 
Kutztown. 
Hartsville. 
Milford. 
Wilmington, Del. 
Germantown. 
Bedford. 
North East. 
Lock Haven. 
Harrisburg. 
Collegeville. 
Annville. 
Phoenixville. 
Shadeland. 
Athens. 

Du Bois. 
Franklin. 
Ashbourne. 
Freeport. 
Clarion. 
Doylestown. 
Lock Haven. 
Honesdale. 
Smethport. 
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PENNSYLVANIA STATE WEATHER SERVICE. 


MONTHLY WEATHER REVIEW. 


FoR FEBRUARY, 


Frepared under the Direction of the Committee on Meteorology of the 
Franklin Institute. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, February 28, 1891. 


TEMPERATURE, 


The mean temperature of 55 stations for February, 1891, was 34°°9, which 
is nearly 6°°o above the normal, and 2°2 below the corresponding month of 
1890. 

The mean of the daily maxima and minima temperatures 42°°8 and 26°7 
give an average daily range of 16°1, and a monthly mean of 34°°7. 

Highest monthly mean, 40°5 at Philadelphia. 

Lowest monthly mean, 26°°8 at Eagles Mere. 

Highest temperature recorded during the month, 70° on the 18th at 
Philadelphia. 

Lowest temperature, minus 7° on the 5th at Dyberry. 

Greatest local monthly range, 63° at Somerset. 

Least local monthly range, 46° at Kennett Square, Nisbet and Greenville. 

Greatest daily range, 43° at Erie on the 5th. 

Least daily range, 2° at State College and Grampian Hills on the 8th, 
Pottstown on the 7th, and ick Haven on the 4th. 

From January 1, 1891, to February 28, 1891, the excess in temperature at 
Philadelphia was 244°, at Erie 274°, and at Pittsburgh 313°. 

The warmest days of the month were the 17th, 18th and 25th. The 
coldest, the 4th and 5th. 

BAROMETER. 

The mean pressure for the month, 30°07, is about ‘03 below the normal. 
At the U. S. Signal Service Stations, the highest observed was 30°71, at Phila- 
delphia, on the 15th, and the lowest, 29°25, at Erie, on the 25th. 


PRECIPITATION. 


The average precipitation, 4°61 inches for the month, is slightly above the 
normal. The largest totals in inches (including melted snow) were Ligonier, 
8°29; Johnstown, 7°99; Grampian Hills, 7°01; Columbus, 6°67; Meadville, 
6°65; Uniontown, 6°64, and Pittsburgh, 6°09. 

The least were Blue Knob, 2°13 ; Greenville, 2°50; Chambersburg, 2°54 ; 
Wysox, 2°71, and Drifton, 2°go. 
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The snowfall was light outside of the more elevated sections. Dyberry 
reports 17°5 inches; Blue Knob, 16:0; Nisbet, 15°0; Grampian Hills, 13°5; 
Eagles Mere, 12°5; and Le Roy, 12°3. Several stations report snow on the 
ground at the end of the month. Heavy rains occurred on the 16th and 
17th, which caused heavy freshets in many parts of the state. 


WIND AND WEATHER. 


The prevailing wind was from the Northwest. 
Average number: Rainy days, 12; clear days, 6; fair days, 8; cloudy 
days, 14. 


CoRRECTION.—For January. Greatest monthly range, 55°0 at Somerset. 
Least local monthly range 34°0 at Chambersburg. 


MISCELLANEOUS PHENOMENA. 

Thunder-storms.—Charlesville, 25th; Blue Knob, 25th; Johnstown, 25th ; 
Westtown, 28th; Meadville, 25th; Uniontown, 17th; Greenville, 9th; 
Columbus, 25th; York, tst. 

Hfait/.—Quakertown, 26th; Phoenixville, 6th, 12th, 2oth; Indiana, Ist; 
Lancaster, 12th, 19th, 20th; Wilkes-Barre, gth; Nisbet, gth, 18th, 20th; 
Columbus, 25th; Dyberry, oth, 20th; York, 13th. 

Snow.—Charlesville, 1oth, 19th, 20th, 26th, 27th, 28th; Blue Knob, 3d, 
7th, roth, 11th, 20th, 21st, 22d, 26th, 27th, 28th ; Hollidaysburg, 7th, 1oth, 
26th, 27th, 28th; Wysox, 7th, 19th, 20th, 28th; Le Roy, 4th, 7th, goth, 2oth, 
27th, 28th; Quakertown, 6th, 7th, 26th, 27th; Johnstown, roth, 22d, 27th, 
28th; Emporium, 7th, 20th, 28th; State College, 4th, 7th, gth, roth, 2oth, 
28th; Coatesville, 26th; Kennett Square, 26th; Phcenixville, 26th, 
27th; Rimersburg, 4th, 1oth, 22d, 26th, 28th; Grampian Hills, 7th, 28th; 
Lock Haven, gth, 20th, 28th ; Meadville, 3d, 4th, 20th, 22d, 26th, 27th, 28th; 
Carlisle, 26th, 28th; Uniontown, roth, 19th, 26th, 28th; Chambersburg, 
26th ; Huntingdon, 2oth, 28th; Indiana, roth, 26th, 27th, 28th; Lancaster, 
26th, 28th; New Castle, 26th, 27th, 28th; Lebanon, 2oth, 26th, 28th; Coopers- 
burg, 2oth, 26th; Wilkes-Barre, oth, 20th, 26th, 28th; Nisbet, Ist, 7th, oth, 
2oth, 28th; Smethport, 7th, 1oth, 2oth, 28th; Greenville, 3d, 4th, 7th, 8th, 
1oth, 18th, 20th, 21st, 22d, 26th, 27th, 28th; Pottstown, 26th; Philadelphia, 
2oth, 26th, 27th ; Girardville, 7th, 20th, 26th ; Somerset, toth, 19th, 20th, 27th, 
28th; Eagles Mere, 4th, 7th, roth, 20th, 28th; Wellsboro, 7th, gtn, 2oth, 
28th ; Lewisburg, 7th, 20th, 27th, 28th; Columbus, rst, 2d, 3d, 4th, 7th, roth, 
14th, 20th, 22d, 26th, 27th, 28th; Dyberry, 7th, 8th, oth, 20th, 26th, 27th, 
28th ; Ligonier, 27th, 28th; South Eaton, 8th, 20th, 28th; York, 26th, 28th. 


Sleet.—Charlesville, 19th, 2oth; Blue Knob, 3d; Hollidaysburg, 2oth ; 
Le Roy, oth, 20th; Quakertown, 6th ; Johnstown, Igth ; Coatesville, 6th, 2oth, 
21st; Rimersburg, 19th, 2oth ; Grampian Hills, 2oth ; Lock Haven, 7th; Carlisle, 
goth, 12th, 20th ; Lebanon, 20th; Wilkes-Barre, oth; Nisbet, 7th, 9th, 2oth; 
Smethport, 1st; Philadelphia, 20th, 26th; Somerset, 20th; Dyberry, gth, 
2oth, 21st; South Eaton, 9th, 20th; York, 2oth. 


Aurora.—Eagles Mere, 
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County. 


Allegheny,!. . 
Bedford, . 
t 


a 


Cambria,’ . 
Cameron,. . 
’ Carbon,! . 

Centre,. . . 


Clarion, 


h, Clearfield, . 
Clinton, 
Columbia, . 
h Crawford, . 
Cumberland, 
h, Dauphin,? , 
h Delaware, . 
1 
1 


Fayette, . « 
Franklin,’ . 


Huntingdon,} . 


Huntingdon, . 


Lancaster, . . 


Lawrence, . . 


STATION, 


. 
Charlesville, . . 

Altoona (26 days), 

Blue Knob, .... 
Hollidaysburg, 
Forks of Neshaminy, 
Johnstown, @ 


emporium 


Mauch Chunk a8 days), 


State College— 


Agricultural ExperimentStation, . | 1,191 30°028 
West Chester, ..... ° 
| Coatesville, 


Kennett Square, .. 
Phoenixville, ... . 
Rimersburg, . . . . 
Clarion— 


State Normal School, . 


Grampian Hills, .. . 
Catawissa, .... 


Meadville, .... a 


. 
. 


MontTui_y SumMARY OF Reports BY VOLUNTARY 


Barometer Repucep 
TO 58a Levet. 


Ra | 
| 
| sf 
| 
: 
a | 2 x 3 
| 
847 30°070 | 30°600 | 29°480 | 
OOP e+ eee | 
+| | 30°088 | 30°684 | 29°447 | 
| | 30°6s0 | 29°510 | 
| | 30°35 | 29°438 
1,030 eee hes coe | 
| 


30°603 | 29°359 


+ +| 455 | | 30°%6ys | 29°497 
| 30°699 | 29°402 
<4 350 30°129 | 30°703 | 29°558 | 

| 
491 
1,300 30°156 | 30°770 | 29580 
480 see 


| Harrisburg, .... 


Swarthmore— 
Swarthmore College, 

Uniontown, 


. | Chambersburg— 
| _ Wilson Female - 
| McConnelisburg, . . 


ia, Lebanon,. . 
h 
h, 
Luzerned. . . 
‘h, Lycoming,'. ... 
McKean,. .... 
th, Mercer,! . 
h. 
Northampton, . . 
h Philadelphia,! ° 
Philadelphia, . . . 
le, Schuylkill, .... 
Snyder, 
h; Sumerset, . 
Sullivan eevee 
th, Tioga, . 
Union,! , @ 
Washington, . . . 
Wayne, ... 
Wayne, .. 
Westmoreland, . . 
Wyoming’. 


Observations taken at 8 A. M. and 8 P. 


Huntingdon— 
The Normal College, 


Indiana— 


State Normal School, . 


Lancaster (21 days),— 


190 30°08 | 30°§24 29°4Q1 
681 30°009 | 30"600 | 29°250 
30°0TQ 30°475 | 29°477 
618 | 30°180 | 30°682 29°61g 

es 875 eee eee 

650 cee eee 


Franklin and Marshall College, . 41 | 30°28 | 30°705 29°253 


New Castle, .... 


Coopersburg,...... 


Drifton— 

Drifton Hospital, . . 
Wilkes-Barre, ... 
Smethpor*, 
Greenville— 

Thiel College, . . . 
Rethlehem,...... 
Philadelphia— 

Signal Office,. . . 
Philadelphia, ... 
Girardville, 
Selins Grove,. . . . 
Somerset, ... 
Eagles Mere, . ee 


Columbus, ... 
Canonsburg, ..... 
Honesdale, . 

Ligonier (26 days), 
South Eaton . . 


ee 


932 
474 | | 30°634 | 29°496 
520 eee ee 
550 eee ee 
. 1,000 30°004 | 30°574 | 29°306 | 
360 


| 30°7Tc | 29°480 
120 30°1'6 | Z0°71c | 29°490 
1,000 30°053 | 30°492 29°S21 
2,250 
cee 2, | | 30°646 | 29°566 
- | 1,327 | 30°02 | 30°32 | 29°43 
eee | . eae 


M. 


385 | 30°039 | 30°477 | 29°520 


2 Observations taken at 12 Noon, 


Mean. 


26°8 
29°7 
“Oo 
32°4 


29°4 
38°2 
32°6 
37°90 


Maximum 
= 8 
65 17 
64 1 
62 17 
59 eS 
62 17 
61 5 
56 18, 2 
58 17, 25 
6 | 
67 18 
60 | 8 
63 25, af 
68 | 18 
58 16 
58 16 
65 5 
25 
67 17 
65 17 
68 8 
60 15 
68 20 
63 18 
67 17 


60 25 
64 17 
04 20 
64 17 
62 17 
56 16, 17 
58 25, 2¢ 
60 25 
56 25 
21 
62 17 
69 18 
7° 18 
55 25 
63 | 17 
54 | 25 
s8 | 35 
56 25 
6 16, 25 
57 25 
65 17 


MINIMUM 


Date. 


uu 


Temp 


Maximum. 


Mean of 


OBSERVERS OF THE PENNSYLVANIA STATE WEATHER SERVICE 


ERATURE. 


Minimum, 


Mean of 


Mean. 


13°0 
44 


17"4 


16°8 
18°6 
19°83 


Dairy 


RANGE 


Date 


Least. 


Ow: 


Date. 


10 
21 


Relative Humidity. 


~ 


Dew Point. 


Total Inches 


PRecIPITATI 


tal Snowfall 
During Month 


2°00 


Snow 


Depth ot 


6" 
6 


| | 
| 
are 
39°2 9 4 47°2 15'9 36°0 2 10 79 32°5 6°09 2°30 
34°7 9 4 44°0 27°3 16°7 15 7° 10 7 25°! 4°10 1°25 e« 
40°! 13 45°6 31°6 17°0 4 6'o 20 73'5 "oO 4°59 
34 
Blair, « « « 35°5 6 | 26°83 16°6 ¢ 7 77°0 29 592 4°75 I 
4 33°0 15 5 4 2°71 ee 
Bradford, 29°2 3 5 351 23°3 11°8 24'0 15 470 2 3°13 12°30 1" 
MB, 34°6 I 28 44°2 25°3 39 28 5° 7 13 600 2" 
37°4 4 453 20°4 15°9 5 7 57°¢ 7°09 
33°8 4 24'0 17°9 6 10 eee eee 4°st 6°37 
35°3 13 15 43°2 27°4 15°8 26'0 2¢ 392 
4 5 40°4 25°8 14°6 29°90 27 8 84° "29 4°05 
Chester, 37°8 5 45°5 29°9 15°6 29'0 26 4°0 > 73°0 30" 4°25 1" 
Cheater, 35°9 | 6 28 46°3 27°4 36°0 28 7 6"00 
Chester, 3°83 | 10 28 46°0 29°6 ‘ 7 30°3 ‘20 6°50 
Chester, eeee 37°8 25 461 30°8 15°3 27°0 26 3 7 ose eee "14 4°00 
ion, ee 331 12 4 39°38 26°1 13°7 32°0 23 7 
“eee | 
ee 3°°5 5 37°4 24°0 32°0 5 3 13°50 | 
5 5 40°0 14°3 30°0 25 4 ee 4°13 
33°6 9 5 43°9 28°5 26°0 4 7 29 4°22 
eee 3 74 36°6 4 433 29°9 24'0 5° ) 72°0 25°0 3°31 ‘ee 
38°3 12 28 46°6 16"1 32°7 25 4°9 7 780 31°0 4°46 
. 
38°2 10 5 47°5 17°4 26'0 6° 7 30°0 
‘ 64 17, 18 5 5 44°1 16"0 33°0 15 4 2°50 
pea | 
i, | 30°359 681 34°5 4 5 43°7 23°4 20°3 43°0 ¢ 6'o 84°3 30°3 5°99 3"00 2" 
h, 37°2 14 > 28°3 20°5 36°5 19 351 3"00 
38°3 5 24°9 207 40°0 20 9 "9 
37°7 16 28 29°5 15°7 27°4 26 6 = 3°33 2°50 — 2 
8 28 28'1 164 32°0 6 4°57 7°50 
eee 10 5 42°9 26°5 26 Bo 25 4700 «19°95 3 
34°3 | 2 5 38°6 21°9 16°7 35°0 5 6's 26 — 
eee 34°6 5 4 43°7 25°6 15 8 4°3 2°50 2° 
37°7 13 5 44°5 39 13°6 23 7 73°0 4°05 3°90 
. . . . . . . . . . . . . . . . . . . . . . . . . 
39°6 15 46°8 32°4 14°4 29°0 24 7370 2°00 
| 17 | 32°6 15°8 29°0 24 8*o 12 32°9 5°32 3°25 
33°9 | 10 | | 26°6 159 18 70 25 4°36 5°25 
| 42°4 18°3 370 15 3 88 °¢ 5°50 4°00 2 
4 | 32°: 21°6 10°5 20°0 5 26 77°2 5°45 12°59 
5s | 37°0 24°0 22°0 3 40 ) 3°46 9°25 3° 
8 | | 27°7 15 to 4°00 i 
2 | 40"0 24°8 4z"0 15 40 22 66'0 19°5 6°67 
| | am | 358 = 38"0 15 4°97 17°59 os" 
—3 | 378 | 38°0 15 ‘o 16 3°45 
7 & § 48°3 | 26°7 26 8°29 
| | | oe | | “376 | 357 | | 
| | | | | 


fs BY VOLUNTARY OBSERVERS OF THE PENNSYLVANIA 


STraTE WEATHER 


SERVICE FOR 


2, 


TEMPERATURE. 
| > — 
MINIMUM | Dairy Rance. 
| | = 3 
a, = a] 3 x a = 
| | 
9 4 47°2 | 15°9 | 20 10 79°2 32°8 6°09 
9 4 44°0 27°3 16°7 15 7° 10 75°0 4°10 
13 5 48°6 31°6 4 20 32°0 4°59 
6 5 | “26-8 16°6 310 6 7 77° 3°92 
3 5 38°4 | 23°0 15"4 33°0 15 6'5 4 79°7. | 2°71 
3 35°F 23°3 11°8 24°0 15 40 2 see | eee 3°13 
I 28 25°3 18% 39°0 28 7 5°13 
4 45°3 29°4 15°9 5 8*0 87°6 33°0 7°99 
4 5 17°9 36°0 6 10 ees cee 4°56 
13 15 43°2 | 297% 15°8 26 8 cee 3°92 
4 5 | 14°6 27 2"0 8 84°3 5°29 
ur 5 45°5 29°9 15°6 | 26 40 7 73°0 30°0 5°92 
6 28 46°3 274 | 18'9 36°09 | 7 eee 5°31 
10 (28 460 | 296 | 16% | | 4°20 
| 30°8 | 15°3 ayo (26 7 cee eee 4°14 
4 39°8 | 33°7 3270 | 23 7 eee 
| 
| 5 | | 133% 32°0 | 5 | 8 
s | | | | 14°3 joo | 25 2°0 4 oe | O88 
3 S | 40°2 | 24°3 | 15°9 3 3"0 1 82°0 278 | 6°65 
5 | 439 28°5 | | 6 40 7 | 4°22 
43°3 | 29°9 13"4 24°0 15 50 9 72°0 | 3°31 
12 28 46°6 16"1 32°7 | 25 7 | | 310 4°46 
5s | 4to 25°0 43°0 5 30 | 2% | 810 | 270 4°05 
10 5 | 48's 31°3 17°2 37°0 20 | 10 | eee 6°64 
j | | 
7 5 24°90 | 42°0 16 | 80 | 20 | 87% | 2°54 
10 5 47°5 6 | 60 7 | 774 | | 
} } 
5 5 44°1 | 33°0 15 eee 4°84 
| 
4 | S | 43°7 | 23° | 84°3 30°3 
14 5 48°8 28°3 20°5 36°5 | 19 9's 10 351 3°01 
5 4 | 45% | | | | yo | ss 90°7 3070 «3°87 
16 28 45°2 29°5 15°7 27°4 2, 779 | 3°33 
| 44°5 28'1 16°4 32°0 | 7 4°57 
| | } 
10 | 5 42°99 | 26°5 16"4 0 25 4°00 
e.7 5 38°6 | 16°7 35°0 « 
} | 
5 4 | 25°6 35°0 15 94°3 2°50 
3 I 30°9 13°6 27°0 238 20 | 7 4°95 
| 
| 468 | | | agro 40 | 7x0 | | 
17 5s 1 32°6 15°8 | 24 | 12 | 806 32°9 5°32 
10 s | 26 | | 25°0 4°36 
° 4 | 42% 18°3 33°0 3 88°6 348 55° 
1 oes 21°6 | 20°0 5 3,0 26 77°2 20°6 5°46 
5 4 | 37 | | 13° | s2°0 3 #o 9 770 3°46 
8 5 42°t 277 | 144 | 26°0 15 | nf 3°75 
2 | 15°2 |. 42°0 15 40 22 | 19°5 6°67 
s | 358 | 184 | 17% | 380 15 
—3 | 5 37°83 16°38 | 38'0 15 60 | 16 | 3°45 
7 4 5 43°3 26°7 186 | 15 40; | ‘x | 
7 5 | 25°3 14°7 28°0 15 8 | | 
4 | | 


PRECIPITATION. 
| | 
se | 2.6) 
so nts 

we SEs 
| 
3 
2°30 | | 

16°00 | 34°00 | 
475 | ras | 
| 
12°30 
‘600 | | 

yo | 
6°37 
4°05 
425 | reo | 
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VICE FOR FEsRuary, 1891. 


PITATION. Numeper or Days. Wino 
Bed | Prevaitinc Direction. 
| a 
Osservers. 
sig) 
| | See < a | a 
| 
| aw | m | gs 6 17 NW | NW | NW | Oscar D. Stewart, Set. Sig. Corps. 
12 3 sw | SW | SW | Miss E.A.G. Apple 
. . « | Dr. Charles B. Dudley. 
| 34° | 33 5 5 18 SW NW Sw A. H. Boyle 
| | 3 14 Ww Prof. J. A. Stewart. 
5 3 20 SE SW Ss Charles Beecher. 
1°09 4 | 3 7 18 Sw SW SW | Geo, W. T. Warburton 
7 10 N S NW C. Hilsman. 
2°00 16 | 5 8 15 NW NW NW L. H 
3 9 16 Ss S Ss . C. Lorentz 
| 4 9 15 w SE Ww T. B. Lloyd. 
| 4 7 7 | John J. Boyd. 
| | 13 3 Ww w Ww Prof. Wm. Frear. 
3°00 15 5 w Ww T. Gordon. 
or a he 17 9 6 13 NW NW NW | Benj. P. Kirk. 
Los 5 | 5 8 15 SE cae | NW Knowles Croskey. 
9 7 7 Ww Prof. Wm. F. Wickersham. 
yp eee 4 | 4 oS Ww w | w Rev. W. W. Deatrick, A.M. 
14 4 sw Nathan Moore. 
| 6°00 iI 10 . Ww w Ww Prof. John A. Robb. 
2 ax | 35g Ww w . & B. H. Metcalf. 
| *s> 6 | w w N . E, Pague. 
NW NW | NW | Frank Ridgway, Sgt. Sig. Corps. 
| | | 
| | NW | NW NW | Prof. Susan J. Cunningham. 
7 | 8 Ss | S | Peter Wood, Sgt. Sig. Corps. 
} 
8 9 | SW | w . Sioan. 
| 10 3 W | Ws} Prof. W. J. Swigart. 
| 9 | Ww sw | | Prof.S C. Schmucker. 
| 
ee ie oe 2 | 3 | SW NW SE Lewis T. Lampe. 
; I'so 12 3 9 | 36 | NW NW Nw m. T. Butz. 
ta 12 i 8 Sw Sw NW | Wa. H. Kline. 
| 13 6 10 E SW SE | M. H, Boye. 
| 
| NW | NW NW | A.W Betterly. 
> | 8 | 20 w E | John S. Gibson, P. M, 
9 NW Ss, Charles Moore, D.D.S. 
NW nw | NW | Luther M. Dey, Sgt. Sig. Corps. 
6 | 6 13 NW NW NW | Jobe Comly. 
5 | 3°75 13 8 2 12 NW | NW NW i. C Wagner. 
| 6 9 | NW SW Sw M. Boyer, 
2°80 13 Oy 19 NW | NW | NW M. Schrock 
| 4 9 4 Sw SW Sw E. S. Chase. 
5 | 10 3 Ss H. D. Deming. 
| 8 8 10 «(10 sw sw | sw F. O. Whitmag. 
18 sw SW SW | Wm. Loveland. 
12°09 15 NW | Theodore Day. 
9 2 | | | 
15 NW | NW | NW nj. M. 
a is 3 9 10 9 Nw | NW [| NW | Mrs. L. H Grenewald, 


T. F, TownsEnD, Sergeant Signal Corps, Assistant. 
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Corone.—Charlesville, 16th, 17th, 18th; Blue Knob, 11th; Rimersburg, 
27th ; Lebanon, 11th, 14th, 15th, 16th, 18th, 19th, 22d; Dybérry, 15th. 


Solar Halos.—Le Roy, 5th, 19th, 23d, 24th ; Lebanon, 24th; Philadelphia, 
Igth, 23d, 24th, 28th; Eagles Mere, 5th, 6th, 23d; Dyberry, 19th, 23d. 


Lunar /falos.—Charlesville, 11th, 14th; Phoenixville, 15th, 16th, 22d, 
23d; Meadville, 13th, 15th, 19th, 21st; Carlisle, 15th, 18th; Lancaster, 22d ; 
Lebanon, 15th; Nisbet, 18th; Greenville, 22d; Philadelphia, 15th, 16th, 22d ; 
Dyberry, 15th. 


Meteors.—Charlesville, 27th ; Philadelphia, rst. 
Zodiacal Lights—Charlesville, 5th ; Coatesville, 4th, 8th. 


WEATHER FORECASTS. 


Percentage of local verifications of weather and temperature signals as 
reported by displaymen for January, 1891: 


Weather, 88 per cent. 
Temperature, 88 per cent. 


TEMPERATURE AND WEATHER SIGNAL DISPLAY STATIONS. 


Displayman. Station. 
U. S. Signal Office,. . . .. « « « Philadelphia. 
Wanamaker & Brown, 


Pennsylvania Railroad Company, » 
Continental Brewing Company, — 

Western Meat Company... . ...... 

C.W. Burkhart, ....:. Shoemakersville. 


Thomas F.Sleam, . ...:+ + « « 

Capt. A. Goldsmith, cee 

E. P. Wilbur & Co., <a « 
Agricultural Experiment Station,. . . . . . State College. 

j. E. Forsythe, . Butler. 
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4 
iE 
a 
4 
; 
3 
7 
a 


Displayman. 
Steward M. Dreher, 
State Normal School, . 
E. C. Wagner, 

L. H. Grenewald, 

J. E. Pague, 

C. L. Peck, 

H. D. Miller, . 

M. Tannehill, 

S. C. Burkholder, 
Robt. M. Graham, . 
Henry F. Bitner, 

A. M. Wildman, 

G. W. Klee, 

A. Simon’s Sons, 
Raftsman's Journal, 
R. C. Schmidt & Co., . 
Chas. B. Lutz, 

C. Lorentz, 

W. M. James, 
Miller & Allison, 

E. J. Sellers, . 

H. M. Kaisinger, 
Foulk & Co., . 
William Lawton, 


Wister Heberton & Co., . 


Charles M. Mullen, 
E. W. Merrill, 

A. Simon’s Sons, 
Frank Ridgway, 
G. W. Yost, 

A. H. Gerbench, 
Knowles Croskey, 
Powell Bros., . 
Lincoln E. Rowley, 
P. S. Weber, . 

Jennet, . 

Milton C. Cooper, 
J. L. Long, . 

J. H. Apple, 
George Wheeler, 

J. C. McCloskey, 
Charles Petersen, 


Armstrong & Brownell, . 


Statzon. 
Stroudsburg. 
Millersville. 
Girardville. 
York. 
Carlisle. 
Coudersport. 
Drifton. 
Confluence. 
Pollock. 
Catawissa. 
Millersville. 
Langhorne. 
Chambersburg. 
Lock Haven. 
Clearfield. 
Belle Vernon 
Bloomsburg. 
Johnstown. 
Ashland. 
Punxsutawney. 
Kutztown. 
Hartsville. 
Milford. 
Wilmington, Del. 
Germantown. 
Bedford. 
North East. 
Lock Haven. 
Harrisburg. 
Collegeville. 
Annville. 
Phoenixville. 
Shadeland. 
Athens. 

Du Bois. 
Franklin. 
Ashbourne. 
Freeport. 
Clarion, 
Doyiestown. 
Lock Haven. 
Honesdale. 
Smethport. 
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PENNSYLVANIA STATE WEATHER SERVICE. 


MONTHLY WEATHER REVIEW. 


For MARCH, 1891. 


Frepared under the Direction of the Committee on Meteorology of the 
Franklin Institute. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, March 31, 18g1. 


TEMPERATURE, 


The mean temperature of 53 stations for March, 1891, was 34°11, which 
is nearly 2°°o below the normal, and 07 above the corresponding month of 
1890. 

The mean of the daily maxima and minima temperatures 42°0 and 25°7 
give an average daily range of 16°°3, and a monthly mean of 33°°8. 

Highest monthly mean, 38° 4 at Philadelphia. 

Lowest monthly mean, 29°"! at Eagles Mere. 

Highest temperature recorded during the month, 60°o on the 18th at 
Pittsburgh and Uniontown. 

Lowest temperature, minus 14° on the 2d at Dyberry and Columbus. 

Greatest local monthly range, 70° at Smethport and Dyberry. 

Least local monthly range, 43° at Harrisburg. 

Greatest daily range, 42° at Emporium on the 3oth. 

Least daily range, 1° at Pottstown on the 27th. 

From January 1, 1891, to March 31, 1891, the excess in temperature at 
Philadelphia was 185°, at Erie 261°, and at Pittsburgh 258°. 

The warmest days of the month were the 18th, 23d and 30th. The 
coldest were the Ist and 2d. 


BAROMETER, 


The mean pressure for the month, 30°10, is about *o8 above the normal. 
At the U.S. Signal Service Stations, the highest observed was 30°63, at Pitts- 
burgh, on the Ist, and the lowest, 29°36, at Pittsburgh, on the 13th. 


PRECIPITATION. 


The average precipitation, 5"10 inches for the month, is an excess of about 
2°00 inches. The largest totals in inches (including melted snow) were 
Selins Grove, 8°39; West Chester, 8°33; Kennett Square, 8°04; Charlesville, 
7°89; McConnellsburg, 7°45, and Pheenixville, 7°42. 

The least were Erie, 2°44, and Columbus, 2°72. 

The largest monthly snowfall totals in inches were Charlesville, 39 ; Blue 
Knob, 34; Carlisle, 33, and Grampian Hills, 31. 
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The snow storm of the 27th was very severe in the Schuylkill and 
Lebanon valleys. Heavy drifts occurred and caused delay to traffic. The 
snow soon melted and very little was left on the ground at the end of the 
month, 

WIND AND WEATHER, 

The prevailing wind was from the Northeast. The month was cold, wet, 
and generally unpleasant and unhealthy. Vegetation is backward. The 
prospects for grain and fruit are favorable. 

Average number: Rainy days, 14; clear days, 7; fair days, 8; cloudy 
days, 16. 

MISCELLANEOUS PHENOMENA. 


Thunder-storms.—Quakertown, gth; Phoenixville, oth; Carlisle, oth; 
Coopersburg, gth; Wilkes-Barre, 9th; Pottstown, gth; Philadelphia, gth. 

Hfail—Blue Knob, 20th; Le Roy, 20th; Mauch Chunk, 15th, 20th; 
Pheenixville, 2oth; Lock Haven, 14th; Carlisle, 2oth ; Swarthmore, 9th; 
Wellsboro, zoth; Lewisburg, 13th, 2oth. 


Snow.—Charlesville, 2d, 3d, 4th, 6th, 13th, 14th, 20th, 27th, 28th; Blue 
Knob, 2d, 3d, 4th, 6th, 7th, oth, roth, 13th, 14th, 15th, 16th, 2oth, 22d, 27th, 
28th, 31st; Hollidaysburg, 2d, 3d, 4th, 6th, gth, 13th, 14th, 20th, 22d, 27th, 
28th; Wysox, 2d, 3d, 6th, 2oth, 31st; Le Roy, 3d, 4th, 6th, 16th, 2oth, 21st, 
27th; Quakertown, 3d, 4th, 6th, 14th, 21st, 31st; Johnstown, 2d, 3d, 4th, 6th, 
gth, 13th, 16th, 2oth, 27th, 28th; Emporium, 4th, 20th, 27th, 28th; State 
College, 2d, 6th, oth, 13th, 14th, 2oth, 21st, 27th, 28th, 31st; Coatesville, 1st, 
3d, 6th, 14th, 2oth, 28th, 29th; Kennett Square, 3d, coth, 27th, 28th ; Phoenix- 
ville, 3d, 6th, 7th, 14th, 31st; Westtown, 2d, 3d, 6th, 20th, 27th, 28th ; Rimers- 
burg, 2d, 3d, 4th, 6th, oth, 14th, 22d, 27th, 28th ; Grampian Hills, 3d, 4th, 6th, 
gth, 13th, 14th, 20th, 27th, 31st; Meadville, 3d, 4th, 13th, 14th, 27th, 28th; 
Carlisle, 6th, 27th, 28th; Swarthmore, 3d, 28th; Uniontown, 2d, oth, 13th, 
14th, 27th, 28th; Huntingdon, 2d, 3d, 4th, 27th, 28th; Indiana, 2d, 3d, 4th, 
6th, 13th, 16th, 27th, 28th; Lancaster, 3d, 4th, 27th, 28th; New Castle, 2d, 
4th, oth, 14th, 27th, 28th; Lebanon, 3d, 4th, 7th, 2oth, 27th, 28th; Coopers- 
burg, 3d, 4th, 6th, 21st, 31st; Wilkes-Barre, 4th, 20th; Smethport, 2d, 3d, 
4th, 6th, 13th, 14th, 2oth, 27th; Greenville, 1st, 2d, 3d, 4th, 5th, 6th, oth, 13th, 
14th, 15th, 16th, 19th, 27th, 28th; Pottstown, 3d, 27th; Philadelphia, 3d, 4th, 
6th, 7th, 14th, 27th, 28th; Girardville, 2d, 3d, 4th, 20th, 27th, 31st; Selins 
Grove, 2d, 3d, 4th, 27th, 28th; Somerset, 3d, 4th, 7th, 27th, 28th; Eagles 
Mere, 4th, 5th, 6th, 7th, 13th, 14th, 2oth, 21st, 27th, 31st; Lewisburg, 3d, 
6th, 2oth, 27th, 31st; Dyberry, 3d, 4th, 5th, 7th, 14th, 16th, tgth, 29th; 
Honesdale, 3d, 4th, 31st; Ligonier, 2d, 3d, 14th, 27th, 28th; South Eaton, 
3d, 4th, 2oth, 21st; York, 3d, 4th, 7th, 14th, 21st, 27th, 28th. 


Frosit.—Charlesville, 24th ; Hollidaysburg, 6th, 11th, 17th, 18th, 26th, 30th ; 
Quakertown, toth, 11th, 30th; State College, 6th, 11th, 17th, 26th, 30th; 
Pheenixville, 1oth, 15th, 19th, 30th; Westtown, 11th; Grampian Hills, 6th; 
Meadville, 30th; Lancaster, 11th; New Castle, 1st, 2d, 3d, 4th, 5th, 6th, 7th, 
gth, roth, rith, 13th, 14th, 15th, 16th, 17th, 18th, 19th, 24th, 25th, 26th, 27th, 
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MonTHLY SuMMARY OF REPORTS BY VOLUNTARY OBSERVERS OF THE PENNSYLVANIA STATE WEATHER SERVICE 
| | Baromerer Repucep TEMPERATURE. PRECIPITATIC 
To Sea Levet. 
County. STATION. 33 3 é cs 
ss | 2 3 = = ° 
Allegheny,'. . . .| Pittsburgh,....... 847 30°100 | 30°630 | 29°360 37°6 65 18 I 44°5 29°8 14°7 17 4 
Bedford, . . .. Charlesville, ..... 1,300 32°8 57 15 —3 6 40°8 24°8 160 18 : 78 33°00 
1,181 ‘ 39°8 60 19 13 2 48°0 164 24 ) 
- «| Hollidaysburg,..... 047 ess.) 61 2 1, ¢ 42°2 24° 18°o 30 7 18°25 
718 30°°139 | 30°509 | 297420 | 32°6 56 30 2 2 40"! 43 15° 27'0 20 74 “7 
radford, 1,400 sen 29°9 52 30 —2 2 37°3 23°6 13°7 27°0 17 31 12°20 
uakertown,...... 536 30°120 | 30600 29°670 63 23 5 2 43°8 25°5 350 ) 72 7 
6.4) wc 1,184 30°150 30°660 29490 35°2 61 30 6 1 43°2 27°3 38°o 18 ‘o 74° ; 4°9 17°00 
Cameron,. . . . .| Emporium (30 days), . . 1,030 6 35°7 62 1B, 3 43°3 23°9 "4 42°0 3 ° 16°50 
Carbon,! . . . . Mauch Chunk (28 days), 550 34°9 43°0 26°8 "2 
Centre,. . ... State College— 
Agricultural Experiment Station,. 1,191 30°077 | 30°588 | 29°38: 31°6 54 28, 30 ° 2 38°6 24° 14°4 29°0 30 2° 8 7 4°07 
| £ 455 30°094 | 30°523 | 29°432 35°2 On 23 10 2 42°8 28's 14°3 18 4°5 7 18°50 
380 oe 34°6 61 23 10 2 43'5 164 31°O 11 5 25°95 
Chester)... ..| Kemmett Square, ........ 275 wa 34°5 54 24 12 2 ‘ “a ‘ 19°50 
hester, «| 183 30°104 | 30°579 | 29°569 36°8 62 23 12 3 44°2 29°4 14°8 23'0 29 8 § 7 
359 | 30°149 | 30°585 362 62 23 11 2 43°7 30°! 13°6 25'0 2 > 13°50 
1,500 60 18 2 1, 6 38°9 24° 14°6 15°00 
Clarion, .... . | Clarion— 
Clearfield, Grampian Hills, 1,450 29°90 58 18 —2 6 37°4 22°5 14°90 36°90 27 3°97 1"00 4 
1,300 30°25: 30°750 | 29 660 62 18 6 40°2 173 23°09 11'S 
Combesiand, . . .| ....-2.. 480 » 33°8 58 30 10 6 48 71 14°7 32°0 30 3 
361 30°124 | 30°621 | 29°620 34°6 53/19, 23, 26 10 2 28°8 12°3 71°4 4 8" 
Delaware, .... Swarthmore— 
Swarthmore College, . .... 30°087 | 30°§12 | 29°51 36°8 62 23 17 44'0 29° 14°8 17 27 7 ? 
I 30°060 | 30°570 | 29°460 33°0 58 18 4 »4°0 37°0 17 4°0 1 44 
1,000 30°099 | 30°512 | 29°558 38°0 65 18 2 29°5 34°0 ° 3 4 
Franklin)’ . .. . Chambersburg— 
Wilson Female College,. . . . . 618 ‘ é ‘ 
875 34°4 58 25 7 6 43'5 17°2 34°0 4 
Huntingdon,!. . . Huntingdon— 
The Normal Colleg-, 650 32°5 60 18,19, 30 5 42°0 ° 39°0 18 8 { 
a Indiama, .....- Indiana— 
State Normal Schoo! (30 days), . 1,350 30°048 | 30°503 -29°547 63 18 — § I 42°3 23'0 19°3 7'0 18 3 4°05 
on Lancaster, .... | Lancaster— 
Franklin and Marshall College, . 47 30°132 | 30°643 | 29°257 35°5 57 23 10 3 45°3 25°2 20°! 33°5 18 qt 
474 | 30°S586 29440 35°2 58 23 10 2 43°2 27°4 15° 27°6 30 75°7 7 15°% 
520 35°0 63 30 8 2 42°6 27°7 14°9 340 30 2 6" 5 
Luzerne, .... .| Drifton— 
61 30 5 2 45°6 26°6 19°0 30°0 14 10°0 10°00 
Mercer,! ... . Greenville— 
1,000 30°045 30°577 | 20°335 33° 63 18 ° 4u'8 24°2 17°6 30°S 18 14 
Philadelphia,! . . Philadelphia— 
117 30"580 29540 38°0 61 23, 12 2 45°2 30°9 14°3 24°0 ) 6" “4 4°70 
. «| 120 30°590 29550 33°4 62 23, 30 13 2 461 30°8 15°3 26'0 30 ¢ o 30"! 
30°085 30°525 29°570 33°1 53 28, 20 7 2 25'0 16°0 29'0 30 8 : 
445 30°144 | 30°537 | 29°522 34°2 59 11 42°2 26°2 16°0 19 a 
omerset, .... Somerset, 2,250 63 25 —2 6 21°8 19°4 40°0 17 > 23°00 
2,060 30°195 30°603 29403 29°1 48 23 —12 2 34°8 20°7 30°0 72°6 20°! 
1; 1,327 30°088 30"578 20°334 30°2 56 30 — 2 37°6 23°5 14°! 31°0 12 704 38°2 
450 60 30 6 2 42°9 27°2 15°7 34°0 30 > ) 
1,100 30°2 56 30 2 38"4 16°3 34°0 4 20 
| 1,000 ae 32°4 58 23 —7 2 40°5 24°3 16°2 32" 60 20 
Vestmoreland, . .| Ligonier,....... 1,750 36°3 64 i8 —4 44°3 24°4 19°9 37°90 30 
Vyoming,!. ... South Eaton .. 660 33°83 58 30 ° 2 26°5 14°7 22°0 6 12 
385 | 307044 | 30°52 | 29°535 34°9 57 30 10 2 43°38 17°8 38°0 > 70 8 86"4 19°6 


1 Observations taken at 8 A. M. and 8 P. M,. 


2 Observations taken at 12 Noon. 


. 


y VOLUNTARY OBSERVERS OF THE PENNSYLVANIA STATE WEATHER SERVICE FOR Marcu 
TEMPERATURE. | PRECIPITATION. Nui 
INIMUM, Dairy Rance. | > 
| 
I 44°5 29°8 14°7 30°0 17 6'o | | 278 | 7°60 17 6 
6 | 248 | 16 | 33°0 6o | 8 | | | 78 | 9700 |... 15 7 
| %, 2 31°6 16"4 17 24 65°5 | 2°62 16 
42°2 24'2 18°0 60 | 8 | 26°5 18*25 sie 15 2 
2 37°3 23°6 13°7. | 27°'0 17 so i 3 315 12°20 15 8 
2 43°8 25°5 18°3 35°0 30 77°0 5°S9 7°75 ° 12 5 
1 43°2 27°3 15°9 38°0 18 | 2°0 74°0 27°0 4°99 17°00 7 
1, 2 43°3 23°9 19°4 42°0 30 | 6 ces 16°50 1 7 
3 
2 38°6 24°2 | 2°0 8 84°6 27°3 4°07 15°05 4 
2 42°8 14°3 27°0 | 45 | 8°33 18°50 15 
3 44°2 29°4 14 25"0 29 5’0 8 82°6 29°7 7°42 | «31°60 14 
2 43°7 30°! 13°6 | 27 5°35 13°50 9 
1, 6 38°9 24°3 14°6 con 16 5 
3 22°5 49 | 3% | 8 | ¢0 27 ° ae 3°97 31°00 4°00 4 5 
25°5 7 35°0 3° 30 20 4°06 21°50 6 12 
40°2 22°9 17°3 33°0 20 26°6 3°37 11"50 10 3 
6 4r'8 14°7 32,0 | 30 3"0 8 83°0 6°5 33°25 17 9 
2 28°8 12°3 26'0 8 71°4 25°0 25 22°00 15 11 
ft 
17 44'0 29°2 14°8 26°4 17 38 27 78'0 30°0 5°78 10 2 
4 410 24°0 37°0 17 40 25 81°0 25°0 2°44 19 5 
1 460°5 29°5 70° 34°0 18 23 4°22 12 8 
43's 26°3 17°2 34°0 30 $0 8 29°3 7°45 | 24°00 4700 13 9 
| 1, 6 42°0 23°0 19'0 39°0 18 8 4°48 eee 8 
1 42°3 23'0 19°3 37°0 18 20 81°9 29°3 3°5° 4°05 16 4 
3 45°3 25°2 33°5 18 8'o ar 81°5 34°t 6°30 21°00 13 5 
1 42°9 24°5 18"4 33°0 30 22 84°7 35°4 3°32 5°25 6 
i 2 43°2 27°4 15°8 27°6 30 6°3 8 73°7 27°7 5°30 15°70 15 6 
2 42°6 27°7 14°9 34°0 30 20 6°54 60 12 9 
45°6 26°6 19°0 30"0 14 3°67 10°00 9 12 
2 21°2 38°5 3° 60 27 22°00 8 
1 4u'8 24°2 17°6 30°5 18 44 14 926 28°o 3°33 18°00 4 
2 43°0 30°0 13°0 27'0 27 74°5 | 28°5 6°60 800 10 13 
2 43°2 30°9 14°3 24°0 9 20 26°0 | 4°42 4°70 1S 7 
2 46°1 30°8 15°3 26°0 30 6°5 20 30°1 5°76 15 4 
2 25°0 29"0 77° ‘ 3°80 1100 14 14 
42°2 26°2 16°0 29°2 8°39 25°25 12 1 
6 19°4 17 15 | 5°37 23°00 12 3 
a 2 34°8 20°7 141 30°0 2 40 31 72°6 20°! 5°88 14°25 3°00 in 9 
2 37°6 23°5 3° 12 2°72 7°5° 17 3 
2 42°90 27°2 15°7 34°0 30 50 9 6°40 27°60 10 
j 2 40°6 22°0 18°6 410 2°72 15 5 
if "384 16°3 “34°0 2. 20 4°19 1100 3"00 13 5 
2 | 24°3 16°2 32°0 20 ee 4°32 10°50 3°50 
2 26°5 14°7 22°0 26 12 4°54 15 90 14 8 
if 2 43°38 | 26°0 17°8 38°0 | 30 8 86"4 29°6 6°07 24'00 2°00 16 14 


oR Marcu, 


Numper or Days. | Winp. 


PrevaitinG Direction. 
a | 
OBsERVERS. 
a3 ta 3 a a 
17 6 8 | SE | SE SE | Oscar D. Stewart, Set. Sig. Corps. 
15 7 3 21 sw | sw S| Miss E. A. G. App! 
16 | ... | Franklin Yager. 
16 . .. | Dr. Charles B. Dudley. 
19 9 SE A. H. Boyle. 
15 oF 6 16 Sz i ££ E Prof. J. A. Stewart. 
11 ss 6 33 | SE | SE SE Charles Beecher. 
15 4 8 15 NE NE , SW Geo. W. T. Warburton 
6 N WwW . C. Hilsman. 
12 = 14 NE NE NE . L. Heacock. 
7 6 18 Ss S . C. Lorentz 
1 7 NW E T. B. Lloyd. 
8 I 5 12 NW | NW NW = John J. Boyd. 
| E | E | | Prof. Wm. Frear. 
15 a 5 15 NW: W NE | Jesse C. Green, D.D.S. 
15 eo -7 7 3 | NE NE | Ww . T. Gordon. 
14 8 7 NW Knowles Croske 
9 9 NE Prof. Wm. ¥. Wickersham. 
16 s | 9 17 E E E Rev. W. W. Deatrick, A.M. 
4 5 10 16 E E | E Nathan Moore. 
16 12 5 14 E E E Prof. John A. Robb. 
10 3 10 18 NW SE SE J. & B. H. Metcalf. 
17 9 7 15 NE . E, Pague. 
15 11 4 16 NE NE NE rank Ridgway, Sgt. Sig. Corps. 
10 2 ir 18 NE NE NE Prof. Susan J. Cunningham. 
19 5 5 ar NE NE NE Peter Wood, Sgt. Sig. Corps. 
12 8 13 10 NW W NW | Wa. Hunt. 
13 9 5 17 N NW NW _ Thomas F. Sloan. 
S 8 10 13 Ww Ww Ww Prof. W. J. Swigart. 
cee ees | J. E. Rooney. 
16 4 11 15 NE SE SW Prof. S. C. Schmucker. 
13 5 13 13 NE NW E Lewis T. Lampe. 
11 6 7 18 SE SE SE Wm. T. Butz. 
15 6 12 13 NE NE NE Geo. W. Hayes, C.E. 
12 9 5 17 NW | NW NW M. H. Boye. 
9 12 1 18 NE NE NE A. W Betterly. 
+ eee . | John S. Gibson, P. M. 
8 6 17 Ss Armstrong & Brownell. 
4 16 N Ss Prof. S. H. Writer. 
10 13 6 12 Ww NW NW _ Charles Moore, D.D.S, 
15 7 8 16 | NE NE NE Luther M. Dey, Sgt. Sig. Corps. 
15 4 10 17 NE NE NE , 2 Comly. 
14 14 6 1 NE NE NE =». C Wagner. 
12 I 16 14 NW SW NW M. Boyer, 
12 3 3 25 NW NW NW M. Schrock M 
it 9 7 15 SW SW SW E. S. Chase. 
17 3 iI 17 N N N H. D. Deming. 
8 10 6 15 NE eo SW | F. O. Whitman. 
15 5 9 17 «| E NE NE Wm. Loveland. 
os cs A. L. Runion, M.D. 
13 5 9 17 NW NW | NW | Theodore Day. 
12 eee eee ++ | «++ | John Torrey. 
13 3 15 | J. T. Ambrose. 
14 8 9 “4 | BW i NW Benj. M. Hall. 
16 14 4 13 NE... | NW | Mrs, L. H. Grenewald. 
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T. F, TOWNSEND, Sergeant Signal Corps, Assistant, 
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28th, 29th, 30th; Lebanon, 11th; Coopersburg, ist, 2d, 3d, 4th, 5th, 6th, 7th, 
8th, roth, 11th, 14th, 15th, 16th, 17th, 18th, 20th, 26th, 27th; Nisbet, rst, 2d, 
6th, 11th, 30th; Selins Grove, 1oth, 11th; Eagles Mere, 6th, 17th; Colum- 
bus, Ist, 2d, 3d, 4th, 5th, 6th, 7th, 8th, roth, 11th, 14th, 15th, 16th, 17th, 18th, 
igth, 21st, 24th, 25th, 26th, arth, 28th, 29th, 30th; South Eaton, rst, 2d, 3d, 
4th, 5th, 6th, 7th, 8th, roth, 11th, 14th, 15th, 16th, 17th, 18th, roth, 2oth, 21st, 
26th, 27th; York, 11th. 

Sleet.—Charlesville, 9th, 20th; Blue Knob, 8th, gth, 20th, 21st, 22d, 31st; 
Hollidaysburg, 31st; Quakertown, 2oth; Mauch Chunk, 20th; Grampian 
Hills, 8th; Lock Haven, 20th, 21st; Uniontown, 6th; Coopersburg, 2Ist; 
Greenville, 27th ; Philadelphia, 20th, 27th; Dyberry, oth, 2oth, 21st; Hones- 
dale, 20th ; South Eaton, 20th; York, 13th, 20th. 

Aurora.—Coopersburg, 26th; Eagles Mere, 16th, 30th ; Dyberry, 30th. 

Corone.—Charlesville, 15th, 24th, 25th; Le Roy, 7th; Rimersburg, 25th ; 
Lebanon, 2d, 11th, 15th, 16th, 17th, 18th, 25th, 26th ; Dyberry, 18th, 26th. 

Solar Halos.—Blue Knob, 30th; Le Roy, 2d, 6th, 7th, 11th, 18th, 25th, 
26th ; State College, 6th ; Grampian Hills, 11th; Meadville, 30th; Hunting- 
don, Ist, 26th, 30th; Lebanon, 2d, 6th, 1th, 26th; Philadelphia, 2d, 6th, 
11th, 25th, 26th, 30th; Eagles Mere, 2d, 6th, 11th, 18th, 25th, 26th; Dyberry, 
2d, 6th, 18th, 26th; York, 15th. 

Lunar Halos.—Charlesville, 25th; Hollidaysburg, 15th; Le Roy, 26th; 
Quakertown, 26th; State College, 15th; Phoenixville, 15th, 26th ; Rimersburg, 
24th; Meadville, 18th; Huntingdon, 15th; Lancaster, 18th; Rilinsen. 18th, 
26th ; Coopersburg, 26th; Greenville, 17th; Eagles Mere, 18th, 26th ; Phila- 
delphia, 15th, 16th; Dyberry, 18th; South Eaton, 18th; York, 15th. 

Polar Bands.—Le Roy, 17th. 

FParhelias—Le Roy, 6th, 11th, 30th; Eagles Mere, 6th; Dyberry, 17th, 
27th. 

Zodiacal Lights —Le Roy, 1oth ; Coatesville, 4th, 5th, roth, 13th. 

WEATHER FORECASTS. 

Percentage of local verifications of weather and temperature signals as 
reported by displaymen for March, 1891: 

Weather, go per cent. 
Temperature, 90 per cent. 


TEMPERATURE AND WEATHER SIGNAL DISPLAY STATIONS. 


Displayman. Station, 
U. S. Signal Office,. . . . . . . « Philadelphia. 
Wanamaker & Brown, . . = 
Pennsylvania Railroad Company, 
Continental Brewing Company, . .... . 
Western Meat Company,. . . 
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Displayman,. 
C. W. Burkhart, 
A. N. Lindenmuth, . 
C. B. Whitehead, 
Thomas F. Sloan, 
J. H. Fulmer, . 
Capt. A. Goldsmith, 
Frank Ross, 
Lerch & Rice, 
Signal Office, . 
J. R. Raynsford, . 


Agricultural Experiment Station, . 


Signal Office, . 

New Era, . 

D. G. Hurley, 

J. E. Forsythe, 
Steward M. Dreher, . .. 
State Normal School, . 
E. C. Wagner, . 

L. H. Grenewald, 

J. E. Pague, 

C. LL. Peck, 

H. D. Miller, . 

M. Tannehill, 

S. C. Burkholder, 

Robt. M. Graham, . 
Henry F. Bitner, 

A. M. Wildman, 

G. W. Klee, 

A. Simon's Sons, 
Raftsman's Journal, 

R. C. Schmidt & Co., . 
Chas. B. Lutz, 

E. C. Lorentz, 

W. M. James, 

Miller & Allison, 

E. J. Sellers, . 

H. M. Kaisinger, 

Foulk & Co., . 

William Lawton, : 
Wister Heberton & Co., . 
Charles M. Mullen, 

E. W. Merrill, 

A. Simon's Sons, 

Frank Ridgway, 


Station. 
Shoemakersville. 
Allentown. 
Bradford. 
McConnellsburg. 
Muncy. 
New Castle. 
Quakertown, 
Oil City. 
Bethlehem. 
Erie. 
Montrose. 
South Bethlehem 
State College. 
Pittsburgh. 
Lancaster. 
Altoona. 
Butler. 
Stroudsburg. 
Millersville. 
Girardville. 
York. 
Carlisle. 
Coudersport. 
Drifton. 
Confluence. 
Pollock. 
Catawissa. 
Millersville. 
Langhorne. 
Chambersburg. 
Lock Haven. 
Clearfield. 
Belle Vernon 
Bloomsburg. 
Johnstown. 
Ashland. 
Punxsutawney. 
Kutztown. 
Hartsville. 
Milford. 
Wilmington, Del. 
Germantown. 
Bedford. 
North East. 
Lock Haven. 
Harrisburg. 


$ 

| 
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Dsplayman. 


G. W. Yost, 

A. H. Gerbench, 
Knowles Croskey, . 
Powell Bros., . 
Lincoln E. Rowley, 
P. S. Weber, . 

E. Jennet, . 

Milton C. Cooper, 
J. L. Long, . 

J. H. Apple, 
George Wheeler, 
J. C. McCloskey, 
Charles Petersen, 


Armstrong & Brownell, . 


Frank Loomis, 


Station. 
Collegeville. 
Annville. 


Phoenixville. 


Shadeland. 
Athens. 

Du Bois. 
Franklin. 
Ashbourne. 
Freeport. 
Clarion. 
Doylestown. 


Lock Haven. 


Honesdale. 
Smethport. 
Troy. 
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PENNSYLVANIA STATE WEATHER SERVICE. 


MONTHLY WEATHER REVIEW. 


For APRIL, 1891. 

Frepared under the Direction of the Committee on Meteorology or the b 
Franklin Institute. 

= 

HALL OF THE FRANKLIN INSTITUTE, 3 

PHILADELPHIA, April 30, 1891. 
TEMPERATURE. 
The mean temperature of 50 stations for April, 1891, was 49°°8, which 3 

is about 3°°0 above the normal, and 1°1 above the corresponding month of : 
1890. 
The mean of the daily maxima and minima temperatures 61°°0 and 38°5 #4 
give an average daily range of 22°°5, and a monthly mean of 49°°7. x 
Highest monthly mean, 54°°2 at Philadelphia, S. O. i. 
Lowest monthly mean, 44°°4 at Dyberry. a 
Highest temperature recorded during the month, 87°°0 on the 3oth at 4 

® Carlisle, and on the 27th at Lewisburg. a 
Lowest temperature 11°°4 on the 5th at Greenville. , 
Greatest local monthly range, 68° at Uniontown and Greenville. ; 
Least local monthly range, 53° at Philadelphia. ee 
Greatest daily range, 55° at Columbus on the 17th. Ee 
Least daily range, 1° at Le Roy on the 4th. b. 
From January 1, 1891, to April 30, 1891, the excess in temperature at de 
Philadelphia was 286°, at Erie 347°, and at Pittsburgh 332°. bh 
The warmest days of the month were the 18th, roth, 2oth, 21st, 22d, i 
27th and 30th. The coldest were the 4th, 5th, 6th, 7th and 8th. “be 
BAROMETER. 

The mean pressure for the month, 30°02, is about *o2 above the normal. 4 

At the U. S. Signal Service Stations, the highest observed was 30°54, at Phila- "s 
delphia, on the roth, and the lowest, 29°48, at Philadelphia, on the 3d. be 

PRECIPITATION. 

The average precipitation, 2°08 inches for the month, is a deficiency of 

about three-quarters of an inch. The largest totals in inches (including ‘ 

melted snow) were Girardville, 3°54; Eagles Mere, 3°15; Philadelphia, 2°82; 
Quakertown, 2°74, and Johnstown, 2°73. hes 

The least were Wellsboro, 1°12; Somerset, 1°13; Carlisle, 1°18, and Pitts- 


burgh, 1°18. 
The largest monthly snowfall totals in inches were Blue Knob, 16; * 
Dyberry, 10; Eagles Mere, 5, and Le Roy, 5. 


at 
| 

&e 


2 


No snow reported on ground at the end of the month. 


WIND AND WEATHER. 


The prevailing wind was from the Northwest. The month was seasonable, 
with a slight excess of temperature, and a deficiency of rainfall. The pros- 
pects for grain, grass and fruit continue favorable. 

Average number: Rainy days, 8; clear days, 13; fair days, 9; cloudy 
days, 8. 

MISCELLANEOUS PHENOMENA. 

Thunder-storms.—Blue Knob, 14th, 18th, 22d; Hollidaysburg, 22d; Le Roy. 


16th, 18th, 22d; Quakertown, 6th, 22d ; Johnstown, 18th, 22d ; Emporium, 18th, 
22d ; State College, 18th, 22d; Coatesville, 18th ; Kennett Square, 18th ; Phoenix- 
ville, 16th, 18th ; Rimersburg, 14th, 18th, 22d, 30th ; Meadville, 11th, 14th, 22d, 
30th ; Carlisle, 11th, 18th, 22d; Harrisburg, 11th, 18th; Swarthmore, 16th, 
18th; Uniontown, 18th; Huntingdon, 18th, 22d; Lancaster, 11th, 18th, 22d; 
Lebanon, 11th, 14th, 18th, 22d; Coopersburg, 16th, 22d; Wilkes-Barre, 11th, 
16th, 22d; Nisbet, 18th, 22d; Smethport, 30th; Pottstown, 16th; Phila- 
delphia, 15th, 16th, 18th, 22d; Girardville, roth, 12th, 18th, 22d; Selins 
Grove, 18th, 23d; Eagles Mere, 16th, 18th, 22d; Wellsboro, 18th, 22d; 
Lewisburg, 18th; Columbus, 22d, 30th ; Dyberry, 18th, 22d; Ligonier, 18th ; 
South Eaton, 18th, 22d, 23d; York, 11th, 18th. 

Hail.—Le Roy, 16th; Johnstown, 22d; Coopersburg, 16th; Greenville, 
30th ; Philadelphia, 16th; Dyberry, 18th; Honesdale, 18th; South Eaton, 
23d; York, 11th. 

Snow.—Blue Knob, 2d, 3d, 4th, 5th, 6th, 7th, 12th; Hollidaysburg, 2d, 
4th; Le Roy, 1st, 2d, 3d; Johnstown, 3d, 4th; Coatesville, 5th, 6th, 7th; 
Rimersburg, 2d, 3d, 4th; Meadville, 4th; Uniontown, 4tn, 5th, 6th, 7th; 
New Castle, 4th, 6th; Lebanon, 4th; Wilkes-Barre, 2d; Greenville, 4th, 
éth; Philadelphia, 6th, 7th; Selins Grove, ath; Somerset, 2d, 4th; Eagles 
Mere,°2d, 3d, 7th, roth; Lewisburg, 3d; Dyberry, 1st, 2d, 3d, 4th, 7th, roth, 
25th. 

Frost.—Charlesville, 24th, 25th, 28th; Blue Knob, 13th, 17th, 25th, 26th, 
29th; Hollidaysburg, 7th, 8th, goth, 13th, 25th, 26th; Quakertown, 6th, 8th, 
gth, 13th, 21st, 25th, 26th; Emporium, 5th, 7th, 8th, oth, 25th, 26th, 29th ; 
State College, 6th, 7th, 8th, gth, 13th, 21st; West Chester, 25th ; Coatesville, 
5th, 6th, 7th, 8th, gth, 13th, 25th, 26th; Phoenixville, 6th, 7th, 8th, gth, 25th, 
26th ; Rimersburg, 13th, 17th, 25th, 26th, 29th; Grampian Hills, 7th, 9th, 
13th; Carlisle, 6th, 7th, oth; Uniontown, 7th, 8th, oth, 25th, 26th, 29th, 30th ; 
Huntingdon, 24th, 26th; Lancaster, 6th, 8th, 19th; New Castle, 3d, 4th, 5th, 
6th, 7th, 8th, 13th, 25th, 26th, 29th; Lebanon, 7th, 8th, gth; Coopersburg, 
sth, 6th, 7th, 8th, oth; Wilkes-Barre, 5th, 8th, 27th; Nisbet, 8th, oth, 25th, 
26th ; Greenville, 7th, 8th, gth, 13th, 21st, 25th, 26th, 29th; Philadelphia, 5th, 
6th, 7th, 8th, 9th; Girardville, 1st, 2d, 3d, 4th, 5th, 6th, 7th, 8th, oth, roth, 
11th, 25th, 26th, 29th ; Selins Grove, 6th, 8th, 13th, 24th, 25th ; Somerset, 13th, 
27th, 28th; Eagles Mere, 8th, gth, 16th, 17th, 21st, 22d; Wellsboro, rst, 2d, 
3d, 4th, 5th, 6th, 7th, 8th, oth, roth, 21st, 25th, 26th, 29th; Columbus, 4th, 
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MontTH_y SUMMARY OF REPORTS BY VOLUNTARY OBSERVERS 0» 


BAROMETER Repvucep TEMPERATURE. 
To Sea Lever 
2 <7 MAXIMUM. Minimum. 
3s 
= & 
s= = = 
= = = a ol a = = 


Allegheny,’. . . 847 30°04 30410-2570 24 é 43°7 
380 4 27 24 6, 8, 9 63°4 "3 
Altoona, . 1,181 $2 22 27 5 ¢ 44 
47°3 84 18 19 4 
Hollidaysburg, 947 50°4 88 27 21 8 64°7 
Bradford,. .. . 718 307024 30484 "593 83 22, 27 20 34°9 ; 
Bradford, ... Le Roy, 47°2 7 20 4 56 
Cambria,’ . 1,184 30°065 640 50°8 84 27 23 4 62° "7 4 
Cameron,. ... Emporium, 1,030 47° 22 17 61°9 
Mauch Chunk (1 5 days), 550 47°5 38 ig 26 8 56" 7 
ee State College— 

~ ment Station, 1,191 29°075 30°444 29°507 52 22 20 5, 
. 455 30478-29483 51°8 81 19 27 5, 7 42°5 1 
Chester). .... Kennett Square, 275 74 1 30 5 
Chester 383 30°31 30°527 “474 52° 82 19 28 ¢ 41°9 
Clarion, .... Clarion— 

CiearGeld, Grampian Hills, .........! 1,480 46°9 80 2, 27 14 57°0 
Crawford, ... 1,300 30°269 30°50 800 47°2 78 22, 30 14 4 
Cumberland, . . 480 87 20 24 5, € 64°7 30°5 4 
Dauphin, Harrisburg, .... bite 361 30°028 30" 502 53°0 84 26 5 62°3 43'4 
Delaware, ... Swarthmore— j 

Swarthmore 190 30°48 2 524 19 5 7 62"4 
Franklin) .... Chambersburg 

Fulton,. . . . .. McConnelisburg,.... . 875 86 30 74 s, 6, 8 64 2 
Huntingdon,’ . . Huntingden— 

The Normal College, 650 50°2 8¢ 27 22 6,7,8,9  63°5 36'9 
Indiana, ..... Indiana— 

State Normal 1,350 
Lancaster, .... Lancaster— 

Franklin ard Marshall ‘ 4} 30°048 | 30°465 1°576 52°9 82 19 24 5 63°0 39 3 23°7 
Lawrence, .... NewCastle, . . 932 52°7 82 17, 30 18 5 62°0 43°4 18 
474 30035 45 84 30 2 63°7 2 
Luzerne,.... . Drifton— 

Drifton Hospital,. .... . 1,655 
Luzerne,!. . 575 84 18,22,27 22 63°9 25 

Mercer,) ..... Greenville— 

1,000 29°961 ;0°368  29°530 47°? 79 17 5 59 3¢ 2 4 
150 53°3 $3 19, 30 28 6 64°3 42°4 2 
Northampton, .. Bethlehem,............ 360 
Philadelphia! . . Philadelphia— 

Signal Office,. . . . % 117 30°020-30°540 29"480 54°2 $3 19 30 5 634 45°2 18 
Philadelphia, .. Philadelphia, ..... 20 30°027  30°548 544 86 19 30 64°4 44'S 19°9 4 
....| 2... <a 29°982 30°40729°5 34 49°9 79 27, 30 23 37°97 
30°086 30°54 583 76 27 rf 5 §3°9 3¢ 17° 
« wos 450 §2°0 87 27 25 8 64°6 39°4 2 sf 
Warren, | 2,480 43°3 84 14 6 56°7 2 
Wayne, .... . Honesdale, . 46°9 80 18 20 5, 36 4 
Westmoreland, . . Ligonier (28 days), . 1,750 $3°2 8 17, 30 5 63°7 34°0 20°7 ‘ 
Wyoming,’ . 660 27 22 8 59°! 37°S ‘ 
385 29°994 30°428 29°545 52°5 85 18, 3 22 7 8 30°3 2 


1 Observations taken at 8 A. M. and 8 P. M. 2 Observations taken at 12 Noon. 
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ORTS BY VOLUNTARY OBSERVERS 


OF THE PENNSYLVANIA STATE WEATHER SERvice yi 


Mean ot 
Maximum 

Mean ot 
Minimum, 

Date 

Least. 

Date. 
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we 


ee 


PREcIPITATION. 


af | 
as ADS 
= 4 = 
2 Ae | 
wns 
59°2 27°3 118 
35° 
2°26 
48°3 34°0 1°36 
16"50 
39°0 1°60 ‘ 
71°5 38°5 1°79 
2°01 
‘ 165 
66°2 39°3 2°74 
44°7 2°73 
2°33 
"Bg 
68°6 38°2 1°47 50 
62°0 39°0 2°32 
2°25 
2°32 
74°4 2°87 
4°00 
2°34 4°00 
‘Boro 403 1 53 
78°7 43°2 18 
56°5 36°3 1*70 
68'0 32°0 1°53 
770 39°0 1°34 
2°18 3°50 
39°6 2°58 
. 
72°6 45°2 
2°36 es 
38°4 | 2°19 10 
2°28 
2°00 
84°3 40°9 2°00 
72°0 44°2 I 
59°0 38°0 2°34 
7i°2 43°1 2°82 e's 
es 3°54 3°75 
1°82 ar 
42°2 1°13 3°50 
67°9 35°6 3°15 5"50 
7°6 30°2 3°50 
2°39 i*50 
53°6 37°5 2°68 3°00 es 
60°0 40°0 223 “50 


TEMPERATURE. 
Minimum. Dat.y Range. 
3 
a | 4 
24 3 63°2 43°7 19°5 17 7° 4 
‘ 62°8 34°8 28°0 
4 68,9) 63% 39°! 24°3 43°0 27 6'5 10 
27 5 63°5 44°1 194 '35°0 27 2 
a1 8 64°7 36°2 28°s 460 13 "0 2 
7 30 9 59°3 24°4 30 40 4 
20 5, 6 56°0 37°9 27 4 
| a1 8 61°6 37°4 24°2 42°3 27 7°3 10 
23 5. 6 62°9 38°7 24°2 46" 30 4 
17 629 33°9 46°0 27 2 
26 8 38"9 17°2 14 2 
20 5, 6 38°9 20°2 33°9 30 6° 3 
' 27 5, 7 61°7 42°5 19°2 32°0 30 5"0 10 
22 9 64°'0 38°3 25'7 45"0 30 10 
28 6 62°5 20°9 41's 27 4 
16 5 56°7 39°9 16°8 44°0 17 3 
4 7 14 5 57°0 36°8 20°2 380 13 470 2 
jo} 5 56 36°6 20°3 | 17 4 
24 5, 6 64 39°5 25°2 30 2 
26 5 62 43°4 18°9 34°0 30 40 
25 7 62°4 37°0 27 69 10 
i} 24 6 39°0 16'0 32°0 17 3 
i i} 15 5 64"! 38'0 30 2 
i 
24 5, 6, 8 64°38 39°2 25°6 ‘sto 30 
22 6,7,8,9  63°5 26°6 §2°0 30 8*o 2 
| H 24 5 63°0 39 ° 2 
4 ) 8 5 43 4 
24 9 63°7 38 2 
i 2 25 8 60°9 40 10 
| 8 63°9 38°7 25°2 30 12°0 I 
415 6 58°6 32°7 25°9 46°5 3° 5°5 4 
Ir 3 59 36°3 22°9 42°: 13 8'2 1 
28 6 64 42°4 28 I 3 
30 5 63 45°2 18°2 30" 30 4 10 
3° | 44°S 19°9 34% 30 10 
7 23 8 59 37°7 21"9 38% 27 70 2 10 
18 5, 6 6 35°90 25°3 20 4 3 
36 5 5 17"0 29 3 3 
16 & 5 35°2 27 11 ) 
25 8 64 30°4 25°2 45'c 27 2 6 
14 6 sq 22°9 17 3 13 
17 6, 8 56) 33°3 23°5 30 3 ) 
20 5, 8 57 36°0 40°C 30 10 
16 5 63 34'0 29°7 54°0 30 2 5 
22 8 59 37°S 21°6 43°0 27 3 
) 22 7 65 39°3 26's 46's 30 8’o 10 2°or 8 
| | 
i 


RVICE FOR APRIL, 1891. 


IPITATION. Numser or Days. | Winp. 
Bac Prevaitinc Direcrion 
s. 
Oxsservers. 
» | 
a 2,5 § 3 
4 3 3 < 
11 12 10 8 NW NW NW _ | Oscar D. Stewart, Sgt. Sig. Corps, 
5 16 é 8 Ww N Miss E. A. G Apple. 
10 7 .. . | William Shipe. 
7 pa ... | Dr. Charlies B. Dudley. 
> 8 13 ) NW NW A.H. Boyle 
° 8 19 5 6 Ww Ww Ww Prof. J. A. Stewart. 
> 3 12 4 14 WwW w Ss Charles Beecher. 
> 9 14 7 sw SW SW = Geo. W. T. Warburton 
8 18 7 5 NW N WwW . C. Hilsman. 
10 12 11 7 NW Ww NW . L. Heacock. 
10 7 Sw NW . C. Lorentz 
8 12 10 8 Ww WwW Ww T. B. Lloyd. 
6 10 1 5 ... | John J. Boyd. 
> 10 13 7 10 Ww Ww WwW Prof. Wm. Frear. 
iz 19 4 7 NW Ww WwW esse C. Green, D.D.S. 
9 14 8 8 w Ww Ww . T. Gordon. 
3 16 7 7 NW NW NW _ Benj, P. Kirk. 
1 18 5 7 NW NW NW Knowles Crosk 
Ww W w Rev. W. W. Deatrick, A.M. 


9 u 8 w Ww WwW Nathan Moore. 


. .. | Robert M. Graham. - 
2 4 12 10 3 w w WwW . & B. H. Metcalf. 
8 14 5 w NW Pague. 
9 17 5 8 NW NW NW rank Ridgway, Sgt. Sig. Corps. 
6 4 16 10 w Ww Ww Prof. Susan J. Cunningham. 
8 12 8 10 Ww Ww Ww Peter Wood, Sgt. Sig. Corps. 
=) 14 12 4 NW NW NW Wm. Hunt. 
3 19 7 4 E WwW Ww Thomas F. Sloan. 
° re 4 1g 6 5 N N N Prof. W. J. Swigart. 
Prof.S C. Schmucker. 
r 9 it 10 9 Ww NW NW _ Lewis T. Lampe. 
i 9 It 7 12 NW NW NW Wm. T. Butz, 
° 16 6 8 Sw sw Geo. W. Hayes, C.E. 
; 12 13 9 8 NW SW SE M. H. Boye. 
8 17 nar 13 NW NW NW A.W Betterly. 
7 16 4 10 Ww oar E John S. Gibson, P. M. 
16 4 10 w WwW Ww Armstrong & Brownell. 
10 11 10 9 Ss Ss Ss Prof. S. H. Miller. 
3 21 3 6 Ww Ww Ww Charles Moore, D.D.S. 
Lerch & Rice. 
10 13 8 NW NW NW Luther M. Dey, Sgt. Sig. Corps. 
1 13 8 NW NW NW Canty.” | 
5 10 19 4 7 NW WwW NW =. C. Wagner. 
4 3 20 7 SW SW Sw M yer, 4 
) 3 8 10 12 NW NW NW M. Schrock 
8 13 7 10 NW Sw NW E.S. Chase. 
x) 9 9 it 10 N N N H. D. Deming. ; 
6 15 8 7 Sw SW SW | F. O. Whitman. 
‘ 13 12 7 11 N SW Ww Wm. Loveland. 
Ne 9 10 10 10 NW NW NW _ Theodore Day. 
18 4 8 ... | J. T. Ambrose. 
‘ & 13 9 8 NW NW NW _ Benj. M. Hall. 
8 13 5 12 NW NW NW Mrs. L. H. Grenewald. 


T. F, TOWNSEND, Odserver, Assistant. 
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sth, 6th, 7th, 8th, oth, 13th, 17th, 25th, 26th, 29th; Dyberry, 1st, 2d, 3d, 4th, 
5th, 6th, 7th, 8th, oth, roth, 11th, 17th, 21st, 25th, 26th, 29th, 30th; Hones- 
dale, 1st, 2d, 3d, 4th, 5th, 6th, 7th, 8th, oth, 25th, 26th, 29th, 30th; South 
Eaton, Ist, 2d, 3d, 4th, 5th, 6th, 7th, 8th, oth, 1oth, 25th, 26th, 29th; York, 
5th, 6th, 7th, 8th, oth, 13th, 25th, 26th. 

Sleet.—Blue Knob, 12th; Uniontown, 3d. 

Aurora.—Greenville, 8th, 27th, 30th; Eagles Mere, 7th, 8th. 

Corone.—Le Roy, 13th; Quakertown, 13th, 17th; Rimersburg, 13th, 19th ; 
Grampian Hills, 7th; Lebanon, 13th, 15th, 16th, 17th, 19th, 2oth, 21st, 22d, 
28th ; Greenville, 19th, 20th; Philadelphia, 13th, 15th, 17th; Eagles Mere, 
13th; Dyberry, 13th, 17th; York, 26th. 

Solar Halos.—Le Roy, 14th, 29th; Philadelphia, 5th, 6th, 14th, 24th, 
29th; Eagles Mere, gth, 29th. 

Lunar Halos.—Charlesville, 9th ; Hollidaysburg, 17th, 18th ; State College 
13th, 16th, 18th, 21st; Phoenixville, 17th, 22d; Meadville, 12th, 19th, 2oth ; 
Carlisle, 13th, 14th; Huntingdon, 18th, 20th; Greenville, 18th; Eagles 
Mere, 22d. 

Meteors.— Rimersburg, 6th ; Greenville, 19th. 

Zodiaca’ Lights.—Coatesville, 5th, 6th, 7th, 8th. 

WEATHER FORECASTS. 
Percentage of local verifications of weather and temperature signals as 
reported by displaymen for April, 1891: 
Weather, 84 per cent. 
Temperature, 88 per cent. 
TEMPERATURE AND WEATHER SIGNAL DISPLAY STATIONS, 


Displayman. Station. 
U.S. Sigmal Office,. . . . . « « « « « Philadelphia. 
Pennsylvania Railroad Company, .... . wy 
Continental Brewing Company, . ..... 
Western Meat Company... . 
C. W. Burkhart, ..... . . Shoemakersville. 
A. N. . . . « « « « Allentown. 


Thomas F.Sloan, . ..... . . . MeConnellsburg. 

Capt. A. Goldsmith, . .... .. . Quakertown. 

Lerch & Rice, . . .... « Bethlehem. 


Wier . . « « « « « « « « Bothishon. 
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Displayman. 


Agricultural Experiment Station, . 


Signal Office, . 
New Era, . 

D. G. Hurley, 

J. E. Forsythe, 
Steward M. Dreher, 


State Normal School, . 


E. C. Wagner, 

L. H. Grenewald, 

J. E. Pague, 

C. L. Peck, 

H. D. Miller, . 

M. Tannehill, 

S. C. Burkholder, 
Robt. M. Graham, . 
Henry F. Bitner, 

A. M. Wildman, 

G. W. Klee, 

A. Simon's Sons, 
Raftsman'’s Journal, 


R. C. Schmidt & Co., . 


Chas. B. Lutz, 
E. C. Lorentz, 
W. M. James, 
E, J. Sellers, . 
H. M. Kaisinger, 
Foulk & Co., . 
William Lawton, 


Wister Heberton & Co., 


Charles M. Mullen, 
E. W. Merrill, 
Frank Ridgway, 
G. W. Yost, 

A. H. Gerbench, 
Knowles Croskey, 
Powell Bros., . 
Lincoln E. Rowley, 
P. S. Weber, . 

E. Jennet, . 
Milton C. Cooper, 
J. L. Long, . 

J. H. Apple, 
George Wheeler, 
J. C. McCloskey, 
Charles Petersen, 


Armstrong & Brownell, . 


Frank Loomis, 


Station. 
State College. 
Pittsburgh. 
Lancaster. 
Altoona. 
Butler. 
Stroudsburg. 
Millersville. 
Girardville. 
York. 
Carlisle. 
Coudersport. 
Drifton. 
Confluence. 
Pollock. 
Catawissa. 
Millersville. 
Langhorne. 
Chambersburg. 
Lock Haven. 
Clearfield. 
Belle Vernon 
Bloomsburg. 
Johnstown, 
Ashland. 
Kutztown, 
Hartsville. 
Milford. 
Wilmington, Del. 
Germantown. 
Bedford. 
North East. 
Harrisburg. 
Collegeville. 
Annville. 
Phoenixville. 
Shadeland. 
Athens. 

Du Bois. 
Franklin. 
Ashbourne. 
Freeport. 
Clarion. . 
Doylestown. 
Lock Haven, 
Honesdale. 
Smethport. 


Troy. 
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TRAUTWINE’S POCKET-BOOK 


“ Without doubt it has proved itself to be the most useful hand- 


book in the language for the engineering profession.” — Enygin- 
cering and Mining Fournal, August 25, 1888. 


E. & F. N. Spon, London. 
Joun Witey & Sons, New York. 


Our Reducing Valves, Balanced 
Valves, Air Brake Regu- 
lators, Pump Governors 
are used by the best 
steam plants and rail- 
roads in the country. 


SEND FOR CATALOGUF. 
Mason Damper Regulator. —- 


MASON REGULATOR CoO., Boston. 


THE OTIS ELECTRIG ELEVATOR 


PRIVATE RESIDENCES, 


SMALL OFFice BUILDINGS, 
HospiTa.s, STORES, ETC. 


Send for Descriptive Catalogue. 


SAFE ; 
SIMPLE, 


No engineer required ; 


ECONOMICAL. 


Power taken from electric-light lines, and = 
required only when in operation. 3 


Otis Brothers & Co.,; New york. PHILA. 


—STANDARD— BOSTON. PITTSBURGH. 
HYDRAULIC AND STEAM ELEVATORS. 
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INDEX TO ADVERTISERS. 


Page. 
American Writing Machine Co , Fourth cover page 
Ajax Metal Co., Bearing Metais ....... x 
Audei, Theo. & Uo , Publishers, . . vul 
Barnett, G. & H., File Works, Phila... . xxx 
& O'brien, Fire Bricks, &c., 
Second cover page 
Boyden Premium, The, FRANKLIN INsTITUTE, X1 
Bridgeport Machine Tool Works,. .... . vi 


Brill, }. G. & Co., Car Works, Phila... . xu 
Burk & McFetridge, Printers, Phila. . . . xxi 


Champion Blower and Forge Co.,. . . xx! 
Chester Steel Castings Co., Phila... . . 
Cramp, William & sons’, lhe, Ship and 
Engine Building Co., Phila. ...... xIx 
Cresson, Geo, V., >hafting, etc., . . 
Crosby Steam Gage and Valve Co.,. . . . . XXV 
AX 
Fairmount ompany,....... 
Gould & Eberhardt, Drili Presses, . . . . iv 
Hdmmood Typewriter, ... ..... XXII 
Harlan & Hollingsworsh Co., The, Ship 
Builders, Wilmington, Del. . . . . XX! 


surance Company, Hartford, Conn. . . . 11 
Hess Machine Works, File Machinery, . xXx 


Page 
National Ventilation Co., . . Fourth cover page 
Naylor, Jacob, Steam Engines, &c., Phila . xx 


Otis Bros, & Co,, Elevators, ....... 1 
Palmer, Cunningham &Co., ....... v 
xv 
Pratt & Whitney Co.,The, Machine Tools, 

Philadelphia Biue PrintCo.,. ...... 
Richardson & Boynton Co., Heaters,. . . xxl 
Schutte, L., & Co., Injectors, Phila. . . . . xv 
Schleicher, Schumm & Co., “ Otto Gas 

Engine, Phila. and Chicago... . . xIv 
Scott Legacy Medal and Premium, John, 

The FRANKLIN INSTITUTE . XX\)I-XXXUII 
Sellers, Wm., & Co., Machinists, Phila. . . vi 
vu 
Smith, game, Woolen Mach’y Co , The, 

hila.. ........ . Second cover page 
Southwark Foundry and Machine Co,. . Vv 
“pon, E. & F. N., Publishers, N. Y. . . . 1x 
Standard Steel Works, R R. Tires,. . .. X11 
Stern, Edward & Co., Printers, Phila... . x 


Stevens Institute of Technology, Hoboken,N. J 1 
Stevens Arms & lool Co., Chicopee Falls, xxxvin 
Stokes & Parrish, Elevators, Phila. . . 
Stow Flexible Shaft Co, Portable Ma- 


& Washington, . . . Second cover page | Thomson-Houston Electric Co., Boston, 
Landenberger, H., Laboratory Supplies, . . . XXXIV 
Levytype Co., The, Engravers. Phila. . . . x11} Trautwine’s Fngimeer’s Pocket-Book, .... 1 
Lonergan, J. E. & bo., Oilers, &c.. Phika .xvi1| Troemner, Henry, Balances, Phila... . xvi 
Lord’s Boiler Compound,. . . . . . . . . xxxvt| United Gas Improvement Co.,. ..... 
Main Belting Co., Belting, Phila. . . . . xu | Wainwright Mfg. Co., Feed Water Heaters, 
I Third cover page 
xxiv | Warner & Swasey, Machinery,. .... . XxVI 
Moore, A. F., Insulated Wire,. . . . . . xxv | Westinghouse Air Brake Co., Pittsburgh, 
Morris, I. P., Co., lron Works, Phila., . . x1x 406. XXXV 
Morse, Williams & Co., Elevators, Phila. Willcox, ae M., & Co., Paper and 
xvi Rag Warehouse, Phila. ........ xIV 
Munroe, R. & Son, Boilers, ..... | Zentmayer, Jos. Optician ..... 


THE STEVENS INSTITUTE OF TECHNOLOGY. 
School of Mechanical Engineering. 


Founded by the late Edwin A. Stevens, at Hoboken, N. J. 


—FACULTY— 

A.M., Sc. Professor of Mechanical Drawing. 
AMES E. DENTON Miies-s <6 0s . Professor of Experimental Mechanics and Shop Work, 
DAVID S. JACOBUS, M.E., ...... Instructorin Experimental Mechanics and Shop Work. 


The Course of the STEVENS INSTITUTE is of four years’ duration, and covers all 
that appertains to the profession of a Mechanical Engineer. By means of workshops 
provided with excellent machinery, Physical Laboratories whose appointments are 
without an equal, and with the finest Cabinets of Instruments, every opportunity for 
the acquisition of thorough and practical knowledge is afforded. 

For further particulars, address the President, 


H. MORTON, Hoboken, N. J. 
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ORGANIZED, 1866. 


THOROUCH INSPECTION. 


Insurance against loss or damage to property and loss of life 
and injury to persons caused by 


STEAM BOILER EXPLOSIONS. 


Full information concerning the plan of the Company’s operations can be obtained at the 


OFFICE, HARTFORD, CONN., 


OR AT ANY AGENCY. 


J. ALLEN, Pres. W. B. PRANKLIN, Pres. PRANCISB. ALLEN, Pres. J.-B. PIBROR, See. 


BOARD OF DIRECTORS. 


1 M. A. ALLEN, President, va Bros.’ | NELSON HOLLISTER, of State B’k, Hartford. 
ene ros.” 
y Hoy. HENRY C. ROBINSON, Attorney-at-Law, 
CHARLES M. BEACH of Beach & Co. 


DANIEL PHILLIPS of Adams Express Co. Bank, Hartford, Conn. 
‘Arms Manufacturing Co. A. W. JILLSON, late Vice-Pres., Phoenix Fire 


Ins. Co., Hartford, Conn. 
4 

THOS. 0. ENDERS, Prot United EDMUND A. STEDMAN, Treasurer of the 

wood & Brainard Co. Fidelity C Tie! of Hartford, Conn. 
Gzx. WM. B. FRANKLIN, Late Vice-Pres. CLAPP SPOONER, Bridgeport, Conn. 

Colt’s Pat. Fire Arms Mfg. Co. GEORGE BURNHAM, Baldwin Locomotive 
NEWTON CASE, of The Case, Lockwood & Works, Philadelphia. 

Brainard Co. Hon. N, SHIPMAN, Judge, U.S. Circuit Court, 

GENERAL AGENTS. OFFICES. 
THEO. H. BABCOCK, New York City, Office, 285 Broadway. 
CORBIN & GOODRICH, Philadelphia. - 430 Walnut Street. 
LAWFORD & McKIM, Md., = Street. 
ston Aass., emberton Sq. 

C. E. ROBERTS, Providence, R. I., 29 Wey bosset 
H. D, P. BIGELOW, Chicago, 112 Quincy Street. 
Cc. C. GARDINER, St. Louis, Mo., “ 404 Market Street. 
L. B. PERKINS, Hartford, - 218 Main Street, 
W. G. LIN EBURGH & SON, Bridgeport, * 94 State Street. 
GEO. P. BURWELL, Cleveland, . 208 Superior Street 
MANN & WILSON, San Francisco, by 306 Sansome Street 
W. 8. HASTIE & SON, Charleston, S. C., “ 44 Broad Street: 
FRITH & ZOLLARS, Denver, Col., “ Opera House Block 
C. J. McCARY & CO., Birmingham, Ala. ” 215 First Avenue. 
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BEMENT, MILES & CO. 


Successors to 


W. B. BEMENT & SON and THE MACHINE TOOL WORKS, 


PHILADELPHIA, 


Metal Working 


Machine Tools 


of all descriptions, and a great 
number of sizes, including 


Lathes, Planers, Drills, Shapers, Slot- 
ters, Milling and Boring Machines, 
Steam Hammers, Steam and Hydraulic 
Riveters, Cranes, Punches, Shears, 
Bending Rolls, Plate Planers, Ete., Etc. 


OTHERS can copy, but they 
CANNOT EXCEL the 


Eberhardt's Pat, Drill Press 


22, 25, 32, 37 and 43 Inches. 


Used by the U. S. Government 
and 


WRITE TO 


GOULD & EBERHARDT, Eberhardt’s Pat. Drill Press and 


NFWARK, N, J, Tapping Attachment and 


Comp’d Table. 
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FOUNDRY MACHINE CO. 


PHILADELPHIA, PENNA. 


BOILERS, BLOWING AND 
TANKS, REVERSING 
STEAM ENGINES, 

HAMMERS, CENTRIFUGAL 
HEAVY PUMPS, 
CASTINGS, STEAM PUMPS 


SOLE MAKERS OF 


PORTER-ALLEN AUTOMATIC ENGINE. 


High Economy. Durability. Close Regulation. 


The Indispensable Lathe Dog 
DROP FORGED FROM BAR STEEL. 
ONE SET OF THREE, INCLUDING Nos.!, 2 and 


3, WILL DO THE WORK OF F2OM TEN 
TO TWELVE ORDINARY DOGS. 


No. 0 for Tool Makers and Amateurs takes from 4 


to Linch, price, each, ies . . $1 00 

No. 1 for General Lathe Work ‘takes from ‘4 to 14 

2 for General Lathe Work takes from % to 244 

for General J athe Work takes from 1 to 3% 

Price, per set of three, including Nos, 1, 2 and 3, 

taking from ‘4 to 3% 


PALMER, CUNNINGHAM & CO,, Limited, 607 Market St., Philadelphia, Pa, 
USE DIXOW’S PENCILS 


FOR DRAFTING AND DRAWING. 


They are unequalled for Smooth and Tough Leads. If your stationer does not keep 
them, mention Franklin Institute, and send 16 cents in stamps to the Joseph Dixon 
Crucible Co., of Jersey City, N. J., for samples worth double the money. 
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William Sellers & Co., Incorporated 


ENGINEERS AND MACHINISTS. 


MANUFACTURERS OF 
Improved Iron and Steel Working Machine Tools, 
FOR RAILWAY AND MACHINE SHOP EQUIPMENT. 
Have Special Appliances for the Manufacture of 
Shafting, Pulleys, Couplings, Hangers, ete. 
Were the first to masitece the quem of selling by the piece, 


and to design and introduce the Ball and Socket Hangers, 
‘and the Adjustable Coupling. 


Were the first to intro- ] J E C TO kK for supplying steam-boilers 
duce into this country N with water. 
Sole Patentees and Manufacturers of the 


Self-Adjusting Injector of 1876, 


Started, Regulated and Stopped by ONE LEVER. 


Fixed Nozzle Injector 1885 


WILL OPERATE EITHER AS A LIFTER OR A NON-LIFTER. 


NO EXTRA VALVES OR FITTINGS REQUIRED. 


pranee when simply put in communication with steam and water 
supply. 

RE-STARTS without adjustment should jet break from pomporeay, 2 
terruption in supply of steam or water. This AUTOMATIC ACTION is 
accomplished without aid of moving parts. 

At sixt peat steam, the MAXIMUM CAPACITY IS FOUR TIMES 
AS GREAT. S THE MINIMUM at the same pressure. 

Will take water supply at 150° temperature, and deliver it to boiler 
heated to 250° Fr. 

FOR CLEANING OR EXAMINATION, THE TUBES MAY BE RE- 
MOVED, AND WHOLE INTERIOR EXPOSED TO VIEW, b omeply 
unscrewing the cap on end of body WITHOUT DISTURBING THE PI 
CONNECTIONS. 


The Fixed Nozzle Lifting and Non-Lifting 
Injectors of 1879. 


DESCRIPTIVE PAMPHLETS AND PRICES FURNISHED ON APPLICATION TO 
OFFICE AND WORKS: 
PHILADELPHIA, PENNA. 
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SCREW MACHINES. 
ENGINE LATHES. CENTRE BOLT CUTTERS. 
BRASS LATHES. CHUCKING MACHINES. 
BORING AND TURNING MILLS. 


é 


BRIDGEPORT MACHINE TOOL WORKS. 3 


E P. BULLARD, PAOP. BRIDGEPORT, CONN. ee 
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A New and Valuable Book on the Locomotive Engine. Incomparably the Best Book on this Branch 
of Steam Engineering Ever Published. 


THE NEW CATECHISM OF THE LOCOMOTIVE. BYM.N. FORNEY. 
Doubled in Size. JUST READY. Fully up to Present Practice. More than 500 
Engravings. PRICE, $3.50. 

For the past sixteen years the Catechism of the Locomotive has been the best authority and 
almost a necessity to every Locomotive Engineer and Fireman, and on many railroads it is the standard 
for examination of Firemen for promotion. So many changes and improvements have been made in 
the construction of locomotives that the author has revised and rewritten the book, adding much new 
matter and making new illustrations selected from the latest practice in this country. 

The new edition is about twice the size of the original book, has correct drawings of every part 
of the locomotive and cf the different classes of locomotives in use in this country. Itis written in such 
language as an Engineer or Fireman can easily understand, and it is believed that a study of this book 
will enable him to thoroughly know his business. There is no popular treatise in the English language 
which gives so clear, simple and complete a description of the construction and working of the loco- 
motive engine. 

&@ The above or any of our bookssentfreeof  PRHEO. AUDEL & CO., Publishers, 
postage, at the publication prices, to any address in the 91 Liberty St. New York. 
world. Catalogue sent FREE. : 


CALCULATOR. 


SIZE, 10x 4x 1% INCH. 


SMITH CALCULATOR, Complete Pocket-Book. All practical 
degied 4 problems solved at sight. ailed 
on receipt of the price. 


No.1 BROADWAY, New YorRK. 


mac ror — 


Best Selected Material, . . . . $3 50 
Oy Mechanical Engineers’. . . . . 2 50 

yi Ordinary Material, complete with 
all attachments, . . 


! 


H. LANDENBERGER, 
25 AND 27 N. THIRTEENTH STREET. 
PHILADELPHIA. 


CHEMICAL APPARATUS, 


LABORATORY SUPPLIES & CHEMICALS. 


PROF. WOLPERT’S AIR TESTERS. 
BALANCES AND WEIGHTS, 
BOHEMIAN AND GERMAN 
GLASSWARE, BURNERS, 
PORCELAIN, FILTER- 
PAPER, HYDROMETERS, 
THERMOMETERS, ETC. 
Strictly Chem. Pure Acids and 
Chemicals. 


Catalogue mailed upon application. 
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JUST PUBLISHED 


Adams, Henry. Handbook for Mechanical Engineers. Containing a large 
amount of useful information in condensed form, easily referred to by means 
of a copious index. 263 pages, 12mo, cloth, $2.50. 


Allsop, F. C. A Treatise on the Construction of Electric Bells, Indicators and 
similar Apparatus. 131 pages, with 177 illustrations, 12mo, cloth, $1.25. 


Cotterill, Jas. H. The Steam Engine Considered as a Thermodynamic 
Machine. Illustrated by diagrams, tables, and examples from practice. Second 
edition. 8vo, cloth, $6.00. 


Dearlove, A. Tables to find the Working Speed of Cables; comprising also 
data as to diameter, capacity, and copper resistance of all cores. 32mo, $0.75. 


Fletcher, Wm, The History and Development of Steam Locomotion on Com- 
mon Roads. It is the only book on this important subject and the 105 illustra- 
tions show all the important Road Engines built to the present time. 300 pages, 
8vo, cloth, $3.00. 


Longridge, J. A. Smokeless Powder and its Influence on Gun Construction, 
49 pages, 8vo, paper, $1.20. 


Salwey, E. R. Light Railways as a Practical Means of Exploration. 109 pages, 
8vo, cloth, $2.00, 


Stanley, Wm. F. Surveying and Leveling Instruments. Theoretically and 
practically described. For construction, qualities, selection, preservation, adjust- 
ment and uses; with other apparatus and appliances used by Civil Engineers 
and Surveyors. 552 pages, 12mo, cloth, $3.00. 


Young, Wm. The Municipal Buildings, Glasgow. With 20 collotype illustra- 
tions, The plates are fully described in the text, and together bound in cloth 
form a handsome volume, $10.00. 


Illustrated Descriptive Catalogue (120 pages) of Books 
relating to Civil, Mechanical and Electrical 
Engineering sent free to sub- 
scribers of this Journal. 


E.& F.N.SPON, Publishers, 12 CortlandtSt.,N.Y. 
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WE GIVE SPECIAL ATTENTION TO THE 


PRINTING 


CATALOGUES, PRIGE-LISTS AND GIRGULARS 


Our Designs are tasteful. Our prices are moderate. Our facilities 
for promptly filling all orders, whether large or 
small, are unsurpassed. 


Printing also in German, French, Spanish or Italian 


(INCLUDING TRANSLATION.) 


EDWARD STERN & CO. 


BOOK, NEWSPAPER AND JOB PRINTERS, 
N. E. CORNER TENTH AND FILBERT STS., PHILADELPHIA. 


“AJAX METAL,” 


ADAPTED FOR — 


High-Speed Machinery Bearings, and for Resisting 
the Action of Acids and Alkalies. 


>THE AJAX METAL (0.< 
Philadelphia, Pa. 


ELEVATORS, 
PASSENGER AND FREIGHT 


SEND FOR PRICES. 


FOR HOTELS AND BUSINESS HOUSES 


HYDRAULIC AND STEAM-POWER. 


Hoisting Machinery for Iron Furnaces, Mines, Inclined Planes 
PORTABLE HOISTS, AND ALL KINDS OF HOISTING 
MACHINERY A SPECIALTY. 


STOKES & PARRISH ELEVATOR CO. 


MAIN OFFICE: BULLITT BUILDING, PHILADELPHIA, 
New York Office: 18 Cortlandt St. Works: 30th & Chestnut Sts., Philadelphia. 
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The Boyden Premium. 


URIAH A. BOYDEN, ESQ., of Boston, Mass., has deposited with the’ 


FRANKLIN Institute the sum of one thousand dollars, to be awarded as a Pre- 
mium to 


“Any resident of North America who shall determine 
by experiment whether all rays of light, and 
other physical rays, are or are not trans- 
mitted with the same velocity.” 


The following conditions have been established for the award of this Premium : 
1, Any resident of North America, or of the West India Islands, may be a com. 


petitor for the Premium; the southern boundary of Mexico being considered as the 
southern limit of North America. 


2. Each competitor must transmit to the Secretary of the FRANKLIN INSTITUTE a 
memoir, describing in detail the apparatus, the mode of experimenting, and the resuits; 
and ali memoirs received by him before the first day of January, one thousand eight 


hundred and ninety-two will, as soon as possible after this date, be transmitted to the 
Committee of Judges. 


3. The Board of Managers of the FRANKLIN INSTITUTE shall, before the first day ot 
January, one thousand eight hundred and ninety-two, select three citizens of the United 
States of competent scientific ability, to whom the memoir shall be referred ; and the 
said Judges shall examine the memoirs and report to the FRANKLIN INSTITUTE whether, 
in their opinion any, and, if so, which of the memoirs is worthy of the Premium. And, 
on their report, the FRANKLIN INsTITUTE shall decide whether the Premium shall] be 
awarded as recommended by the Judges. 

4. Every memoir shall be anonymous, but shall contain some motto or sign by which 
it can be recognized and designated, and shall be accompanied by a sealed envelope, 
endorsed on the outside with some motto or sign, and containing the name and ad- 
dress of the author of the memoir. It shall be the duty of the Secretary of the FRANK- 
LIN INSTITUTE to keep these envelopes securely and unopened until the Judges shall have 
finished their examination; when should the Judges be of opinion that any one of the 
memoirs is worthy of the premium, the corresponding envelope shall be opened, and 
the name of the author communicated to the INSTITUTE. 


5. Should the Judges think proper, they may require the experiments described in 
any of the memoirs to be repeated in their presence. 


6. The memoirs presented for the Premium shall become the property of the 
FRANKLIN INSTITUTE, and shall be published as it may direct. 


NoTe.—The sealed envelopes provided for in condition No, 4, which may accom- 


pany unsuccessful memoirs, will be destroyed unopened, in the presence of the Board 
of Managers. 


— 


er 


| 
¥ 

| 


xi Journal of the Franklin Institute— Advertisements. 


THE 
STANDARD 


STEEL WORKS. 


MY Locomotive and Car 
Wheel Tires, 


PHILADELPHIA, PA. 
METAL PLATE ENGRAVINGS 


— FOR —— 


Scientific, Artistic and Commercial Illustration, 


EXECUTED FROM 


Models, Sketches, Designs, Photographs, &c. 


These plates are furnished in hard type-metal, ready for use in the printing press ; 
they are superior to wood-cuts, in accuracy and detail, and lower in price. 
We make a specialty of the manufacture of Illustrated Catalogues. ADDRESS, 


COO. 
7th and Chestnut Sts. Philadelphia. 


J. G. BRILL. GEO, M. BRILL. JAMES RAWLE. 


PHILADELPHIA CAR WORKS. 


j. G. Brill & Co., Car Builders 
Philadelphia. 


Railway and Tramway cars of all kinds. Particular atten- 
tion given to building of cars for export. 


MAIN BELTING CO. 


MANUFACTURERS OF THE 


LEVIATHAN BELTING, 


1219-1235 Carpenter Street, 
248 Randolph St., Chicago. PHILADELPHIA, PA. 
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THE 


United Gas Improvement 


DREXEL BUILDING, 


Chestnut and Fifth Streets, 
PHILADELPHIA. 


OFFICERS : 


WILLIAM W. GIBBS, President. 
GEORGE PHILLER, Vice-President. 
SAM’L T. BODINE, Gen’] Manager. 
RANDAL MORGAN, Gen’! Counsel. 
EDWARD C. LEE, Sec’y and Treasurer. 
ALEX. C. HUMPHREYS, Gen’l Sup’t. 
WALTON CLARK, Ass’t Gen’l Sup’t. 
H. H. EDGERTON, Chemist and Engineer. 


DIRECTORS: 
GEORGE PHILLER, WM. T. CARTER. 
THOMAS DOLAN, WM. G. WARDEN, 
HENRY C. GIBSON, SAMUEL T. BODIN 


BUILDERS, LESSEES AND PURCHASERS OF 


GAS WORKS 


a 

4) 

| 

4 

tf 

. ike 


xiv Fournal of the Franklin Institute—Advertisements. 


“Otto Gas Engine Works” 
SCHLEICHER, SCHUMM & CO. 


33d & WALNUT STS., PHILA. (30 WASHINGTON ST., CHICAGO. 


Our Engines are Guaranteed to Consume 25 to 75 Per Cent. Less Gas than 
ANY Other Gas Engine Doing the Same Work. 


Over 20,000 in TWIN ENGINES 
IMPULSE EVERY REVOLUTION. 

The Steadiest Running Gas Engine made. 
Engines an. Pumps Combined 


For Hydraulic Elevators, Town Water Sup- 
ply, or Railway Service. 


Special Engines for 
Electric Light Work. 


Unexcelled for running Elevators, Wood 
ms Tools, Printing Presses, or any kind of 
——= Machinery. Sizes: 1 to 25 horse-power. 


Established 1729, at Ivy Mills, Delaware Co., Pa. 


JAMES M. WILLCOX & CO. 


WHOLESALE COMMISSION 


Paper § Rag Warehouse, 


No. 509 MINOR STREET, 
PHILADELPHIA, PA. 


Proprietors of Glen Mills, Delaware Co., Pa. 


Manufacturers of Bank Note, Bond and Parchment Papers 
and all Rag, Music and Machine-finished 
Book Papers. 
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PENNA. GLOBE GAS LIGHT CO. 


BUILDERS OF 


GAS AND WATER WORKS 


MANUFACTURERS OF 


Gas Machines, Plain and Fancy Street Lamps, 


' GASOLINE, NAPHTHA AND CRUDE OIL. 


Principal Office: 20-26 South Fifteenth St., Philad’a. 
UNIVERSAL DOUBLE TUBE INJECTOR 


The most Complete and Reliable Boiler-Feeder known. 
No adjustment required for varying steam pressure. 


Operated entirely by one handle. 
Will take hot water 
up to 150 deg. Fahr. 


Send for Catalogues 
‘ie of Blowers and Ven- 
tilators and Air Com- 


Will lift 
water 
25 feet. 


Send for pressors 
descrip- and Ex- 
tive cata- hausters 
logue. for all 
purpos- 

— es. 


Siphon Pumps for 


OVERFLOW. 
lifting and forcing wa- Exhaust Steam induction Condensers 
ter and other liquids. for all kinds of Steam-Engines. 


L. SCHUTTE & CO., Sole Manufacturers, 
TWELFTH AND THOMPSON STS., PHILADELPHIA, PA. 


MIMGCOGRAPH. 


Patented by THOS. A. EDISON. 

A simple, practical, and economical mani- 
folding device for every-day use. 

It makes 3,000 copies of one original Writ- 
ing, Drawing, Music, etc. 1,500 copies of 
one original Typewriter Letter, Kecom- 
mended by over 40,001) users. Send for 
and of work. 


DICK COMPANY, 
22 Likerty New York. 152-154 Lake St. , Chicago. 


— 


| 
i 
q 
is 
T 
4% 
is 


xvi Fournal of the Franklin Institute—Advertisements. 


PHDRICE & AYER, 


Manufacturers of 
RICHARDS’ PATENT OPEN-SIDE 
PLANERS AND SHAPERS. 


UNIVERSAL MILLING MACHINES, 
Special Tools for Railway Repair Shops. 


Portable and Stationary Cylinder 
Boring Machines. 


1001 & 1003 Hamilton Street, - Philadelphia, Pa. 


From |-4 to 15,000 Pounds Weight. 
True to pattern, sound and solid, of unequalled 
strength, toughness and durability. 
Superior in strength and durability to iron forgings in 


x. position, or for any service whatever. 
ring of all kinds, Shoes, Dies, Hammerheads, 


for Locomotives, etc. 
40,000 Crank Shafts and 30.000 Gear Wheels of this Stee) 
how running prove its superiority over other Stee) 
Castings 
CRANK SHAFTS AND GEARING ~ ey 
Send for Circulars and Prices. Address, 


Chester Steel Castings 


(Formerly McHaffle Direct Steel Castings Co.) 
Works, CHESTER, PA. 407 LIBRARY 8T., PHILA. 


“LITTLE GIANT” INJECTOR, 


FOR FEEDING ALL BOILERS. 


RUE’S EJECTOR, 


For Forcing, Raising Water 
and er liqui 


a 
pom fight Boiler Washer and Testing Device 


a Uses warm water, avoiding injury and 
a . facilitating the raising of steam. 


MANUFACTURED BY 


RUE MANUFACTURING CO. 
Philadelphia. 


ESTABLISHED 1840. 


HENRY TROEMNER, 
710 Market Street, - Philadelphia. 


MANUFACTURER OF 
Assay Balances, 
Analytical Balances, 


Chemical Balances, Fine Weights, &c., &c. 


4z-Price List on Application.“ 
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FAIRMOUNT MACHINE COMPANY 


SUCCESSORS TO 


THOMAS WOOD & COMPANY, 


Twenty-Second and Wood Sts. 


PHILADELPHIA. 
SHAFTINGS, PULLEYS, 
COUPLINGS, FRICTION PULLEYS, 
HANGERS, GEARING. 


Sheave Wheels any size required for Hemp, Manila and Cotion 
Rope Driving. 
Machinery for weaving, beaming, warping, winding, spool- 
ing, reeling, dyeing, sizing, calendering, fulling, scouring, &c. 
Also, power hoisters or elevators. 


Morse Elevator Works. ya 


MORSE, WILLIAMS & CO. 


Manufacturers and Builders of all kinds of 
Passenger and Freight 


ELEVATORS. 


./ 105 Frankford Ave., one . § Frankford Ave., Wildey 
Office: Square bel. Girard Ave. | Works: and Shackamaxon Sts. 


PHILADELPHIA, PA. 
New York Office: 108 Liberty Street. 


J. LONERGAN & CO. 


To. 211 RACE STREET, 
—— Manufacturers of —— 


Lonergan’s Patent Oilers and Lubricators, 


Railroad, Machinists, Mill Supplies, 
and Brass Castings. 
Catalogue free on application. 
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The Pratt & Whitney Co. 
HARTFORD, CONN, U. 8. A. 


MANUFACTURERS OF 


For Machine, Railway, Agricultural 


M ach n e Too Is ' Implement, Sewing Machine 


and Gun Shops. 


Flour Mill Roll Grooving Machines, Drop Hammers, Punching Presses, 
Retractile Jib Cranes, Standard Cylindrical and Caliper Gauges, Cutters 
for Teeth of Gear Wheels, Combination Lathe Chucks, Renshaw 
‘Ratchet Drills, Taps, Dies, Straight and Taper, Solid and Shell 
Reamers, Milling Cutters, Kennedy’s Pat. Spiral Shear 
Panches and the Hill Imp’d Aut. Grain Scale. 


SPECIAL MACHINERY. 


Factories equipped with complete plants of Machines, Fixtures, Smal) 
Tools and Gauges, for the manufacture of Guns, Sewing Machines and 
similar articles requiring interchangeable parts. Illustrated Catalogues 
and Price Lists furnished on application. 


PHOENIX CO. 


TRENTON, N. J. 


Manufacturers of the 


= ~— 


Automatic Cut-off Balanced Valve. 


TRENTON 


The Trenton Engine, which won the highest award at the 
Novelties Exhibition of the FRANKuIN InstiruTE, has proved a 
great success in its durability, excellent regulation and simplicity 
of construction. 

ag CATALOGUE FURNISHED ON APPLICATION “@8 
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GEORGE BARNETT. HENRY BARNETT. 


G. & H. BARNETT, 
BLACK DIAMOND FILE WORKS 


Nos. 21 TO 43 RICHMOND STREET, PHILADELPHIA, 


WILLIAM CRAMP & SONS’ 


Ship and Engine Building Co. 


Established 1828. incorporated 1876 


I. P. MORRIS CO. 


PORT RICHMOND 


WORKS 


PHILADELPHIA, 


MANUFACTURERS OF 


Niachinery, Boilers& Tanks. 
HUTCHINSON ICE MACHINES. 


HEAVY MACHINERY A SPECIALTY. 


PHILADELPHIA. 
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PEOPLE’S WORKS, 
GIRARD AVE. AND FRONT ST., 
PHILADELPHIA. 


Corliss Engines, Boilers & Tanks 
Shafting and Gearing, Couplings, Pulleys and Hangers. 
STEAM AND HAND CRANES AND HOISTING MACHINERY 
GENERAL AND SPECIAL MACHINERY. 


The Rider Patent Automatic Cut-off Engine. 


General Castings of all Kinds in Green , 
Sand or Loam. ( 


THE TUPPER PATENT GRATE BAR 


HESS MACHINE WORKS, 


MANU FPACTURE 


Patent File Machinery, 


25th and Callowhill Streets, 
PHILAD’A PA. 
Grinding Machines, Stripping Machines, Chisel 
Grinding and Lapping Machines, Tang Sizing 
i Machines, End Croppers, Dies, etc. 


F The Franklin Institute of Philadelphia has awarded its 
highest medal to one of the leading file works in this city 
for superior cut files, which were cut on these machines 
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The Harlan & Hollingsworth Company, 


WILMINGTON, DELAWARE. 


ESTABLISHED IN 1836, 


BUILDERS OF IRON STEAMSHIPS, 


Steamboats and Iron Sailing Vessels of every description. 


Engines, Boilers and Machine Work in general. 


Large Basin Dry Dock on Simpson's Patent 


IN CONNECTION WITH THEIR WORKS. 
New York Office, ROOM 90, BOREEL BUILDING. 


Machines for use by Bridge, 
Dor table Engine and Boiler iene 


Portable Drilling, Tapping, Boring and 


Reaming Machines. 


Machines for Wood Borin 
Portable Polishing and Emery Wheel 


Grinding. 


Stow Flexible Shaft Co, 


LIMITED, 


26th, CALLOWHILL & BIDDLE STS. 


PHILADELPHIA. PA 


PRESSURE BLOWERS, Faw BLOWERS. 
LEVER & CRANK BLOWERS, 
PORTAGLE FORGES. 
BENDERS & SHRINKERS. . 


LANAI. 


CHAMPION STEEL PRESSURE MOWER 


UMP 


OUPLEX STEAM PUMPS 
\\“ POWER PUMPS cay OF 
Pumps 

NSens & 


STE AL 


GRANT 
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“ PERFECT ” 


TRADE-MARK, 


Hot-Water Heaters, 
Warm-Air Furnaces, 
Steam Heaters, 


For Warming all Kinds of PUBLIC 
BUILDINGS OR PRIVATE DWELL- 
INGs. 


We manufacture the LARGEST 
LINE OF HEATING APPARATUs made 
in the WORLD, and guarantee our 
goods to be first-class in all respects. 


Send for Circulars. Established 1837. 
RICHARDSON & BOYNTON CO. 
HEATING ENGINEERS, 

84 Lake St., Chicago. 232 & 234 Water St., New York. 


Burk 
Printing ithography, 


300- 308 Chestnut St. 
Philadelphia. 
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“HAMMOND” 


TYPEWRITER. 


Ideal and Universal Keyboards. 


Speed Record Again Broken. 150 words 
zn one minute, Chicago, Sept. 12, 1890. 


HIGHEST AWARDS: LONDON, NEW YORK, NEW 
ORLEANS, BOSTON, BRUSSELS, PARIS, 
COLOGNE, ETC. 


THE HAMMOND WON THEFIRST PRIZES IN BOTH OF 
THE LATE NEW YORK TYPEWRITER CONTESTS. 


A Check for $7,267.50 from the U. S. Treasury for 75 Hammonds. 


THE HAMMOND TYPEWRITER Co. 


116 S. Sixth St., Philadelphia. 447-449 East 52d St., New York. 
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THE 


The Linotype raises the unit of type composition from a single 
letter to a complete line. It will decrease the cost of type composition 
more than three-fourths as compared with hand type-setting. 

For full particulars, address 

THE MERGENTHALER PRINTING CO. 
by 154 Nassau Street, New York. 


HE 
WE 
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CROSBY STEAM GAGE & VALVE CO. 


Sole Proprietors and Manufacturers of 


Crosby Pop Safety Valves and Water Relief Valves, 
ut Crosby Improved Steam Pressure Gages, Single Beil 
Chime Whistles. 


CROSBY STEAM ENGINE INDICATORS, 


Unrivalled for perfection of design and workmanship, and for the 
remarkable accuracy of their indications: also, manufacturers of 
other SPECIALTIES and BOURDON GAGES, for all pu ; 
also, dealers in all instruments and appliances used on Steam 
J. H. MiILLETT, PREST Engines, Boilers, Pumps, etc. 

Geo. H. CRosBY. Vv PREST 


Gro. H. Treas. 96 & O7 OLIVER ST., BOSTON, MASS. 
QUEEN VICTORIA ST., LONDON, ENG. 


ESTABLISHED 1820. 


ALFRED F. MOORE, 


— Manufacturer of — 


Insulated Electric Wire, Flexible Cords and Gables 


200 & 202 N. THIRD ST. AND 30) & 303 RACE ST, 
PHILADELPHIA, PA. 


ESTABLISHED 1853. 


JOSEPH ZENTMAYER, 
OPTICIAN, 


Manufacturer of 
Microscopes, 


Spectacles and 
Eye-Glasses. 


RYDER’S MICROTOME, 


209 South Eleventh Street, Philadelphia. 


SPECIAL ATTENTION GIVEN TO OCULISTS’ PRESCRIPTIONS. 
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Warner & Swasey, 
CLEVELAND, O. 


MANUFACTURERS OF 


MACHINE TOOLS 


—— FOR—— 


and Brass Work. 


VERTICAL MILLING 
MACHINES. 


Catalogue and Price- 


List on Applica- 
VALVE MILLING tion. 
MACHINES. 
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THE JOHN SCOTT 
Legacy antl 


The City of Philadelphia holds in trust under the legacy of 


John Scott, of Edinburgh, 


a sum of money, the interest of which is to be used for the encouragement of “ ir- 
genious men and women who make useful inventions.” The legacy provides for 
the distribution of a Medal, inscribed 


“TO THE MOST DESERVING,” 


and Money Premium in the sum of $20 to such persons whose in- 
ventions shall merit the same. The examination of the inventions submitted for 
the Medal and Premium has been delegated by the, Board of City Trusts, of 
the City of Philadelphia, to the Franky Institure, and the InstituTE, under 
the competent assistance of its 


Committee on Science and the Arts, 


undertakes to make the investigations free of charge and to recommend for the 
award all meritorious inventions. 


Applications should be addressed to the 


SECRETARY OF THE FRANKLIN INSTITUTE, 


trom whom all information relative thereto may be obtained. 
Pursuant to the regulations for the award of the 


JOHN SCOTT LEGACY MEDAL AND PREMIUM, 


The FRANKLIN INSTITUTE, of the STATE of PENNSYLVANIA, 


has under consideration favorable reports upon accompanying applications. Any 
objection to the proposed awards, or evidence of want of originality of the inven- 
tion, may be communicated to the Secretary of the Institute within three 
months of the date of notice. 
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Hall of the Institute. 


AprRIL, 1891. 


Notice is hereby given that the Committee on Science 
and the Arts of the FRANKLIN INsTITUTE has recommended the 
award of 


Che 
John Scott Leqacy Medal and Premium 


ALBERT D. PENTZ, 


of Elizabeth, N. J., for his 
“IMPROVEMENT IN BORING AND MILLING ENGINES.” 


Any objection to the above recommendation should be 
communicated within three months of the date of this notice 


to the Secretary of the FRANKLIN INstITUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


Apri, 1891. 


Notice is hereby given that the Committee on Science 
and the Arts of the FRANKLIN INSTITUTE has recommended the 


award of 


The 
John Scott Legacy Medal and Premium 


J). G. SPEIDEL, 


of Reading, Pa., for his 


“INVENTION OF A PORTABLE HOIST.” 


Any objection to the above recommendation should be 
communicated within three months of the date of this notice 


to the Secretary of the FRANKLIN InstiTUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


May, 1891. 
Notice is hereby given that the Committee on Science 
and the Arts of the FRANKLIN INsTITUTE has recommended the 


award of 
The 
John Scott Legacy Medal and Premium 


to 


FRANCIS LECLERE.,. 


of Philadelphia, for his 


DIFFERENTIAL GEAR-WHEEL.” 


Any objection to the above recommendation should be 
communicated within three months of the date of this notice 


to the Secretary of the FRANKLIN INstiruTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


May, 1891. 
Notice is hereby given that the Committee on Science 
and the Arts of the FRANKLIN InsTITUTE has recommended the 


award of 


The 
John Scott Legacy Medal and Premium 


R. P. GARSED, 


of Philadelphia, for his 
“PNEUMATIC ANNUNCIATORS.” 


Any objection to the above recommendation should be 
communicated within three months of the date of this notice 


to the Secretary of the Frankuin Institute, Philadelphia. 


WILLIAM H. WAHL, Secretary. 


TO 
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Hall of the Institute. 


May, 1891. 


Notice is hereby given that the Committee on Science 
and the Arts of the FRANKLIN INstTITUTE has recommended the 


award of 


Che 
John Scott Leqacy Medal and Premium 


TO 


EDWARD HART, 


of Easton, Pa., for his 


“IMPROVED ACID BOTTLE.” 


Any objection to the above recommendation should be 


communicated within three months of the date of this notice 


to the Secretary of the FRANKLIN INstiTUrE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 
May, 1891. 
Notice is hereby given that the Committee on Science 
~— and the Arts of the FRANKLIN INSTITUTE has recommended the 
the 
award of 
Che 
John Scott Leqacy Medal and Premium 
TO 
A. J. MASON, 
of Norristown, Pa., for his 
«“ WASHER-PUNCHING MACHINE.” 
’ Any objection to the above recommendation should be 


communicated within three months of the date of this notice 


to the Secretary of the FRANKLIN InstiTUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary 
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Hall of the Institute. 


Jung, 1891. 


Notice is hereby given that the Committee on Science 
and the Arts of the Frankuin INnstiTUTE has recommended the 


award of 


The 
John Scott Legacy Medal and Premium 


TO 


SAMUEL M. VAUCLAIN, 


of Philadelphia, for his 


“IMPROVEMENTS IN MAKING TRUCK-WHEEL 
CENTRES.” 


Any objection to the above recommendation should be 
communicated within three months of the date of this notice 


to the Secretary of the FRANKLIN Institute, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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GEORGE WESTINGHOUSE, Jr., President. JOHN CALDWELL, Treasurer. 
‘T. W. WELSH, Superintendent. W. W. CARD, Secretary. 
H. HH. WESTINGHOUSE, General Manager. 


CHE WESTINGHOUSE 


CO. 


PITTSBURGH, PA., U.S. A. 


MANUFACTURERS OF THE 


The WESTINGHOUSE AUTOMATIC BRAKE is now in use on 22,000 
engines and 250,000 cars. This includes 161,000 freight cars, which is about 16 
per cent. of the entire freight car equipment of this country, and about 80 per 
cent. of these are engaged in interstate traffic, affording the opportunity of con- 
trolling the speed of trains on railways over which they may pass. Orders have 
been received for 100,000 of the improved quick-action brakes since December, 1887. 

The best results are obtained in freight train braking from having all the cars 
in a train fitted with power brakes, but several years’ experience has proven con- 
clusively that brakes can be successfully and profitably used on freight trains where 
but a portion of the cars are so equipped. 


E. L. ADREON, Manager. JOHN B. GRAY, Agent. Cc. C. HIGHAM, Gen’! Supt. 


The American Brake Co. 


The Westinghouse Air Brake Co., Lessee, 


New York Office: Chicago Office: 
(60 Broadway, John B. Gray, Agent. Grand Pacific Hotel. 


——MANUFACTURERS OF 


LOCOMOTIVE + BRAKES. 


General Offices, St. Louis, Mo., U.S. A. 
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LORD'S BOILER COMPOUND. 


The genuine article, which is acknowledged by authorities and 
accorded the confidence of the manufacturers throughout the United 
States and foreign countries, is manufactured exclusively by George W. 
Lord, practical chemist and inventor. Attention is called to other 
parties who, through the appropriation of Mr. Geo. W. Lord’s anti- 
quated patent, which they call Lord’s Patent Improved, have deluded 
many manufacturers into presenting them with their orders for ‘‘Lord’s 
Boiler Compound.’’ The use of the formule under which this article 
was patented has long been discontinued by Mr. Lord, owing to his 
discovery of many new chemicals which, upon critical experiment, have 
demonstrated their superiority. 

‘*Lord’s Boiler Compound ”’ produced at the present time is an 
article greatly superior to the formule patented by Mr. Geo. W. Lord. 
‘As this article is highly recommended in 18 or 20 standard works on 
Engineering, and universally acknowledged by all our highest authori- 
ties, many different articles are now represented and sold as ‘‘ Lord’s 
Boiler Compound.”’ 

I therefore hereby caution the public that ‘‘The Genuine 
Lord’s Boiler Compound’’ can be obtained only by addressing Mr. 
Geo. W. Lord, inventor and sole manufacturer, 


No. 316 UNION ST., PHILADELPHIA, PA. 


The Thomson-Houston Electric Co. 


Manufacturer of ELECTRICAL 
APPARATUS FOR 


AND THE 


Electrical Transmission of Power. 


THE THOMSON-HOUSTON ELECTRIC CO. 


620 ATLANTIC AVENUE, BOSTON, MASS. 


| 
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BLUE PROCESS PAPERS. 


‘*French Satin’’ is the only brand which is absolutely 
guaranteed by the manufacturers. 


PHILADELPHIA BLUE PRINT CO 


gto Filbert Street, Philadelphia, Pa. 


Largest assortment of weights. Sample Books on request. 


A N EW PH | LOSOPH Y. Appletons’ School 


Physics. An en- 
tirely new book. By 
a corps of distinguished scientists and teachers. Cloth, 12mo, 544 pages. $1.20. Mow 
Ready. It is asingularly simple, practical, and at the same time authoritative work— 
just the one to arouse the student or general reader to enthusiasm for Natural Science 
study. All who are looking for an accurate, comprehensive, judiciously condensed, 
entertaining work on Physics should examine this new book. 

Specimen copies mailed to any address on receipt of price. Descriptive pamphlets 
and complete price list free on application. 


AMERICAN BOOK COMPANY, 


NEW YORK. CINCINNATI. CHICAGO. 


Please mention JourgNAt oF FRANKLIN INSTITUTE. 


WEST POINT BOILER WORKS, 


Established 1835. 


Steam Boilers, 
Tanks, Sheet Iron Work, etc. 


Intending purchasers will do well to inquire into the merits 


of the Eclipse Manhole and Cover as shown 
in cut. 


Send for catalogue and price-list. 


R. MUNROE & SON, 
2310 SMALLMAN ST., - PITTSBURGH, PA. 
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STEVENS PATENT STEVENS PATENT 
WING FIRM JOINT CALIPERS |SPRING INSIDE CALIPERS - 


INSIDE. No. 56D. Price, by mail, post paid. 


Price List. Sent by mail. 


All highly polished. and fine 
; STEVENS PATENT TO 0 LS. STEVENS PATENT | 
) Reliable Divider. No. 60 NIPPERS. No. 90. 


"| Forged from heavy stock. Operated with a gant Sen Sah mate for Telegraph Line- 
| j right and left hand screw. Made with twoten- | 

| Sent by mail postpaid. 

Sion screws, removing any back lash. $1.50 
5inch, price per pair.. ded 1.75 
1 Ideal and Leader Spring Calipers and Dividers, Ideal Surface Ganges, perth Gauges, 

and Fine Machinists’ Tvols, Mustrated catalogue free to 4 
J. STEVENS AKMs & TOOL P. O. Box 24% ‘Falls, Mass. 


Established 1859. Established 1859. 


GEO. V. CRESSON. 
Philadelphia Shafting Works, 


EIGHTEENTH & ALLEGHENY AVE., PHILA., PA. 


improved Method of Transmitting Power by Vertical Shafting. 


Avoids cutti of belt-holes and the running of belting through floors, THUS 
PREVENTING FIRE being distributed from floor to floor, ete. 
The economy of being enabled to run each floor or room independent of the other. 
As there are no belts passing from floor to floor, there is no dust or other foreign 
matter distributed. 
Where the Vertical Shafting is used a Lower Rate of insurance can be obtained 


Shafting, Full 
Assortment 
on 


Couplings, 
Hand. 
IMPROVED PARTING PULLEYS. 


Hangers, 
Parting Pulleys of the above design can be put on shaft in a few moments 


Cearing. 
without taking down shaft. 


‘ 
; 
| on account of Less Risk in case of fire. 
= 


Gmtered at the Post Office at Philadelphia in accordance with Section 198 of the Posta) Laws and Regulations. 
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